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1.0 INTRODUCTION 


A solar domestic hot water and. space heating system using air type solar 
energy collection techniques is presented for a specific- design. The system 
consists of a modular designed prepackaged solar unit containing solar col- 
lectors, a rock storage container, blowers, dampers, ducting, air-to-water 
heat exchanger, DHW preheat tank, piping and system controls. The system 
was designed to be installed adjacent to a small single family dwelling. 

The prepackaged unit is documented for 135, 203 or 271 square foot collector 
arrays utilizing a particular commercially available solar collector with 
appropriate storage capacity. This document describes design, performance 
and hardware specifications in sufficient detail to (1) fabricate a pre- 
packaged unit, (2) to allow architectural engineers and contractor to pro- 
cure, install the site oriented hardware and finally (3) to permit a con- 
tractor to operate and maintain the system. 
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2.0 SYSTEM DESCRIPTION 


SIMS Prototype System 4 is an air-operated solar space and domestic hot-v;ater 
heating- system. Eleven functional components, as described below are, con- 
figured in the system as illustrated in Figure 2.0-1. 

Functional Components 

(1) Solaron Corporation Series 2001 flat plate air-type solar 
collectors 

(2) Pre-fabricated modular pebble bed, thermal storage unit 

(3) One Grainger Inc. Model 7C812 air blower 

(4) One Grainger Inc. Model 2C986 air blower with 5K900 motor 

(5) Two Ruskin Model CD454PW/MP1161 control dampers 

(6) Two American Warming Model SHB-D-1217 back-draft dampers with 
cohrelastic blades 

(7) Two American Warming Model DAA-P-8150 balancing dampers 

(8) Jackson Manufacturing Model UCO 5225 hot water tank for system 
preheat tank 

(9) Halstead Mitchell Model SW2-18-18-8 air-to-liquid heat exchanger 

(10) The conventional hot water heater 

(11) The auxiliary heat source ' 

(12) Control components (described in later section) 

i’a-ECEDlKlG PAGE SI.ANK MOT 
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LEGEND , 

SHUT-OFF tXj 


SYSTEM 4 DIAGRAM 



Figure 2.0-1, System 4 Schematic Diagram 




As illustrated in Figure 2.0-2, the system has three modes of operation to 
maintain three different air circulation loops: (1] Collector to Storage, 

(2) Collector to Load and (3) Storage to Lead. Air flov/ is' controlled by 
two blowers and two control dampers as indicated in Table 2.0-1. Solar 
energy is collected in modes (1) and (2). Space heating is accomplished 
in Modes (2) and (3). 

Water' is circulated in the domestic hot water preheat loop between the 
air-to-water heat exchanger and the preheat tank by syphon action. Domestic 
hot water heating is primarily accomplished in mode 1 wheri air temperatures 
to the heat exchanger are hottest; however, vjhen air temperatures to the 
heat exchanger are higher than preheat tank. water temperatures,' water heating 
can also be accomplished in modes 2 and 3. 

Two non-solar components (10), a conventional domestic hot water tank, and 
(11), an auxiliary heat source, operate in conjunction with the solar hard- 
ware to augment system heating requirements. These components are site de- 
pendent and existing items at the site. Their location in the overall system 
is' illustrated in Figure 2.0-1. The two non-solar components (10), a domestic 
hot water tank, and (11), an auxiliary heating unit, are contained within the- 
site dwelling and are connected to the Remote Solar Assembly by insulated 
piping and ducting. 

All of the solar components (1) through (9) are assembled together in a modu- 
larized structure, to forni a stand alone Remote Modular Assembly. This pre- 
packaged unit is documented for 135, 203 and 271 net square foot collector 
array sizes utilizing the Solaron Corporation Series 2001 collector. Appro- 
priately sized modular thermal storage units are included in the, designs for 
each of the three collector array sizes. Larger Remote Modular Assemblies 
could be assembled using the same modular hardware, but with appropriate 
blower and duct changes. 

System control consists of simple on-off temperature sensitive components. 
These components and electrical circuits are described in the Control Sub- 
system, Section 2.5. 
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MODE 3 Stora^ to Load 
Figure 2.02, System 4 Modes of Operation 
















The system can be functionally divided into Collector, Energy Storage, Energy 
Transport, Domestic Hot Water, Controls and Auxiliary Energy Subsystems’. Each 
of these subsystems is described in the following sections. 

2.1 COLLECTOR SUBSYSTEM 


System 4 collector subsystem consists of either 8, 12 or 16 Solaron Corporation, 
Series 2001, air heated collectors with appropriate mounting and flashing hard- 
ware. The basic collector is a 3 ft. wide by 6.5 ft long by 7 1/4 inches 
thick rectangular parallelepiped shaped unit with a 24-gage steel enclosure. - , 
The back surface insulation of the collector is 1 inch thick, 2 pounds per 
cubic foot fiber glass batt. The absorber is 24-gage steel with a PPG "Dura- 
cron 600" surface finish. The absorptivity and emmissivity of the absorber 
is 0.94 and 0.82 respectively. The weight of each collector is 153 pounds. 

The collector is double glazed with 1/8" thick low iron tempered safety glass 
(Fourco) having a total transmittance of 0.77. The Series 2001 collectors can 
be ganged 2-high for serial air flow. Many additional collectors can be ganged 
together by paralleling the 2-high collectors to form 2 by X collector array. 
System 4 Design Description Drawing, 7934983, shows series-parallel air flow 
paths for 2x2, 2x4 and 2x8 collector arrays. Air manifolding between collec- 
tors is maintained within the collectors. 


The Solaron series 2001 collector efficiency is described by Figure 2.1-1. 
The collector parameters used in plotting this curve are defined as follows: 



a 

F' 


F 

U 

W 


R 

L 
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I 



Collector efficiency 

Collector inlet air tanperature in °F 

Ambient outside air temperature in °F 

Effective combined transmittance of both 
glazings at normal incidence 

Absorber solar absorptance 
Collector efficiency factor 
Collector heat removal factor 
Collector heat loss factor 
Air flow rate test condition 
Solar insolation in Btu/Hr Ft^ 

Effective transmittance - solar absorptance 
product at normal incidence 
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2.2 STORAGE SUBSYSTEM 


System, 4 storage subsystem consists of a bed of pebbles contajned. -in -a 
rectangular shaped thermal-ly insulated enclosure. The enclosure fabricated 
for the System 4 demonstration is 117.5" long by 70" wide by 52 3/4" high and 
contains approximately 5 1/2 tons of washed rounded stones 3/4" to 1 1/2" dia- 
meter. 

The storage subsystem is designed and documented per 7934940 drawing for 75, 

112.5 and 150 cubic feet capacities as required for 8. 12 and 16 collector array 

sized systems respectively. These storage capacities result in a thermal 

& 0 

storage capacity of approximately 10 Btu/ F per square foot of collector. 

Air is circulated from top to bottom through the pebbles when operating in the . 

collector to storage mode of operation. Air flow is reversed and passes up 

through the pebbles when operating in either the storage to load or collector 

1 

to load modes of operation. In the latter mode, only a portion of the total air 

passes up through storage (about, >1/2 of the total load). 

> 

The pebble bed enclosure is constructed by assembling side panels, end panels 
and top cover panels within the Remote Solar Assembly. The floor in the 
structure forms the base of the storage enclosure. Pebbles are supported 12 
inches above the floor of the enclosure by a welded steel grating assembly. 

The space between the grating and the floor forms a lower plenum. The space 
between the top cover and the surface of the pebbles forms an upper plenum. 

The enclosure has three openings. One opening, 18" x 18" is located in the 
top center cover and provides passage to the upper plenum. The other two 
openings, 6" x 48" are located one each near the base of the ends of the 
enclosure and provide passage to the lower plenum. 

Basic building - block panels have been designed to fabricate each of the 
three capacities described above. Larger storage capacities can be ob- 
tained in 37.5 cubic feet increments by assembling the necessary combinations 
of the existing design building - block panels. Panels required for a 8, 12 
and 16 collector systems are defined in Table 2.2-1. 
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Table 2.2-1 Rock Bed Storage Enclosure Hardware 


System 

Panel 

Panel 

Panel 


Description 

Usage 

Part No. 

Size 


8 Collector Assy 

7934940-1 

Side 

7934936 

48"x36"x4 3/4" 

4 

7934940-1 

Top 

7934978 

70"x40 3/4 “x4 3/4"- 

1 

7934940-1 

Top 

7934937 

70"x40 3/4"x3/4" 

1 

7934940-1 

End 

7934938 

70"x48‘'4 3/4" . 

2 

12 Collector Assy 
7934940-2 

Side 

7934936 

48"x36"x4 3/4" 

6 

7934940;2 

Top-End 

7934937 

70"x40 3/4"x4 3/4" 

2 

7934940-2 

Top-Center 

7934939 

70"x36"x4 3/4" 

1 

7934940-2 

End Panel 

7934938 

70"x48"x4 3/4" 

2 

16 Collector Assy 





7934940-3 

Side 

7934936 

48"x36“x4 3/4" 

8 

7934940-3 

Top- Inner 

7934939 

70x36"x4 3/4" 

1 

7934940-3 

Top- Inner 

7934977 

70"x36"x4 3/4" 

1 

7934940-3 

Top-Outer 

7934937 

70x36"x4 3/4" 

2 

7934940-3 

End 

7934938 

70"x48"x4 3/4" 

2 


O'. 

■V i' 




pL/- 


:AiK 




Openings 


None 

18"xl8" 

None 

6"x46" 


None 

None 

18x18 

6"x46" 


None 

18"xl8" 

None 

None 

6''x46" 
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The Insulated panels are a sandwich type construction consisting of 4.25 
thick isocyanurate foam, Upjohn CPR 9545, with .060 "thick polyester-glass 
face sheets bonded with epoxy adhesive, Dexter Corp. EA934. Polyester-glass 
channel, 4 3/4" x 1 5/8" x 3/16" is bonded to all edges of the sandwich panels 
including openings to protect the foam. Isocyanurate foam sheets are laid on 
the floor of storage to insulate the base. 

The grating which supports the pebbles is a welded assembly that is sized 
consistent with the storage panel modular concept. One grating assembly is re- 
quired for each 37.5 cubic feet of storage. The assembly consists of a rectan- 
gular sheet of steel grating to which four legs are welded. The grating has 
3/16" X 3/4" bearing bars 1 3/16" on centers with 1/4" square cross bars 4" on 
centers. The legs are 2" x 2" x 3/16" steel structural angle. A 1/2" x 1/2" 
mesh steel wire cloth with .040" diameter galvanized wire is laid above the 
grating to prevent small pebbles from falling through the grating. 

A piece of perforated sheet metal is placed on the top surface of the pebble 
bed and centered under the top center' air opening. The purpose of the sheet 
is to deflect the air to eliminate channeling of air through' the center of the 
pebble bed. 
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2.3 ENERGY TRANSPORT SUBSYSTEM 


The energy transport subsystem is 

a two- blower sys.tem. with control 

dampers 

balancing dampers, back draft dampers. and interconnecting duct work. This 
subsystem consists of the following hardware: 

Item 

Description 


Collector Loop Blower Assembly 

Grainger 7C812 

1 

Load Loop Blower Assembly 

Grainger 2C986 blower with 
5K900 motor 

1 

Control Dampers 

Ruskin CD454PB/WMP 1161 

2 

Balancing Dampers 

American Warming DAA-P-8150 

2 

Back Draft Dampers 

American Warming SHB-D-1217 

2 

Collector Loop Duct 

12" Round 26 gage galv. ' 

AR 

Load Loop Duct 

14" Square 26 gage galv. 

AR 


A1r flow is adjusted in either the collector loop or load loop by varying the 
pulley diameters of the motor shaft pulley. The blowers .are belt driven, "A" 
width, with motors mounted to the blower housing on a swivel base to facili- 
tate belt tension adjustment. The motors are 115 VAC, sleeve bearing, auto- 
matic- reset-thermal ly protected motors. The motor for the collector loop is a 
1/2 horse power, 1725 rpm, split-phase motor. The motor for the load loop is a 
3/4 horse power, 3450 rpm, capacitor start motor. 

The collector loop blower has a 4.35" pitch diameter pulley on the blower 
shaft and a 1.9" to 2.9" pitch diameter variable pitch pulley on the motor 
shaft.' No adjustment in pulley diameter is considered necessary after the 
initial setting. The load loop blower has a 6.85" pitch diameter pulley 
on the blower shaft and a 2.8" to 3.8" pitch diameter variable pitch pulley 
on the motor shaft. Pulley diameter adjustment will most likely be required 
whenthe system is installed in the field so as to obtain the desired air 
flow. Motor current should be monitored while adjusting pulley diameters to 
verify that the motor rating is not exceeded. 
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The collectors are manifolded together in two eight (8) collector series - 
parallel arrays as shown in System 4 Design Description Drawing 7934983. 

Air is ducted to each array in two parallel loops in a "Y" configuration.. 
Balancing dampers are installed in series with the collector arrays In each 
parallel loop so that' the flow through the two loops can be equalized. 

The purpose of the back-draft dampers is to eliminate the possibility of re- 
verse air flow in the collector loop and load loop ducts. The dampers are 
the fabric vane type and are 14"xl4"xl 1/2". The vane material is #1010 
cohrlastic. Dampers are installed in the 14x14" ducts at outlet from 
■storage in the collector loop and at the inlet to storage in the load loop. 

Two 115 VAC motorized control dampers are utilized in the system to provide 

on-off air flow control in the collector and load loops. The dampers are 
metallic parallel blade construction. A linkage between a crank on the drive 
motor shaft and a crank on the damper blades provides the necessary force to 
open the damper blades. A helical tension spring attached to the crank of 
the drive motor applies the force necessary to close the damper when the 
drive motor is de-energized. 

The collector loop ducting is mainly 12" diameter round 26 gage galvanized 
steel. The load loop ducting is 14" square, 26 gage galvanized steel. Ir- 
regular shaped transistion ducts are utilized at inlet and outlet to items 
such as storage unit, blowers and air to water heat exchanger. These tran- 
sistion pieces are fabricated of 26 gage galvanized steel sheet stock. 

All ducting and items in the duct such as the air to water heat exchanger 
and blowers are covered with 3 inches of Upjohn Inc., uthane 190, urethane 
foam- to provide insulation with a R value of 20 or better. The insulation 
was bonded to the surface to be insulated with vapor barrier contact adhesive 
Midwest Chemical Co. Bon-grip 169-24. The outside surface of the insulation 
Is painted with polyvinyl chloride mastic weather, barrier, WC-1 E2, which is 
manufactured by the Vimasco Corp., Metro, West Virginia, The paint forms 
a tough water proof surface over the otherwise delicate urethane insulation 
surface. 
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2,4 DOMESTIC HOT WATER SUBSYSTEM 


Figure 2.4-1 is a schematic diagram of the domestic hot wafer system. Hot 
wafer is provided in the solar system by means of (1) an a1r-to-water heat 
exchanger in the air duct at the' top of storage and (2) a 52-gallon water 
storage tank to preheat the water supplied to the conventional building hot 
water heater. Water circulates from the heat exchanger to the preheat tank 
by thermosyphon action whenever water in the heat exchanger is heated above 
the water temperature in the preheat tank. The conventional domestic hot 
water heater draws its supply from the preheat tank and auxiliary energy is 
used only if the temperature of preheat" tank is below the water heater set 
point. Cold supply water is drawn into the base of the preheat tank when 
domestic hot water is used. Cold water at the base of the preheat tank is 
drawn to the heat exchanger while hot water in the heat exchanger rises to 
the top of the preheat tank through 1" diameter soft copper tubing to main- 
tain the thermosyphon flow. 

A thermal bleeder valve Is installed at a low point in the thermosyphon line 
close to the heat exchanger to provide positive protection against freeze-ups. 
The valve senses the surrounding water temperature in the water line near- the 
heat exchanger and begins to open at temperature below 40°F and is full open at 
34°F. When water is bled from the system, it will be replaced by warmer city 
water to maintain the water temperature in the heat exchanger above freezing 
temperatures. Water drawn by the thermal bleeder valve may raise or lower the 
temperature of water in other parts of the domestic hot water system to tempera- 
tures equal to the supply water temperature which serves to protect other parts 
of the system from freezing. 
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REMOTE SOLAR ASSEMBLY 


SITE DWELLING 



STORAGE SYSTEM 
OPERATING MODE II or III 


Figure 2.4-1, Hot Water Subsystem Diagram 



The main components of the domestic hot water system for System 4 are: 

Item . .Pescr-iption- Qty. 

Heat Exchanger Halstead Mitchell, 1 

SW2-18-18-8 

Preheat Tank W. L. Jackson, 1 

UC05225 

Thermal Bleeder Valve . McMaster Carr, 1 

•4858 N 16 

DHW Heater 30 gal 4.5 KW 2 

DHW Heaters * 


* Any DHW heater available at the site is compatible with system. 
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2.5 CONTROL SUBSYSTEM 

The control subsy$tem provides the means to control the collector loop blower, 
the load loop blower and the auxiliary heating unit. The control subsystem 
consists of the following component hardware: 


Table 2.5-1 


Item 

Description 

Function 

AT Controller No. 1 

Solar Control Corp. 
Mod. 77-171* 

Closes with a aT > 40°F 
Opens with a aT < 40®F 

AT Controller No. 2 

Solar Control Corp. 
Mod. 77-171* 

Closes with a AT > 25°F 
Opens with a aT < 25°F 

Storage Temp High , 
Limit Switch 

ASCO Mod 10A/QF11A4 

Opens at 2dO®F on temp, ris 
Closes at 190°F on temp, fa 

Storage Temp Low . 
Limit Switch 

ASCO Mod’ 10A/QF11A4 

Opens at 95°F on temp rise, 
Closes at OO^F on temp, ris 

Preheat Tank High 
Limit Switch 

Grainger 2E051 

Adjusted to open at 150°F 
on temp, rise 

Blower Relays (2) 

Honeywell R8225D 1003 

Coil operates on 24 VAC and 
switch power to the blowers 

Site Dwelling 
Thermostat (2 Stage) 

Honeywell T42H 

Contacts close in sequence 
with temp, rise 

Summer Mode Switch 

Standard wall switch 
(SPST) 

Manually operated 

Transformer (2) 


Converts 120 VAC to 24 VAC 

-Pressure Relief Valve 

Watts Mod 10x6 

Valve opens at 185°F on ris 

Thermal Bleeder Valve 

McMaster Carr 
Mod 4858N16 

Valve starts to open at 38^ 
and is full open at 34°F 


The control components are arranged in two basic circuits as shown in Figure 
2.5-1. One circuit controls the collector loop blower so that solar energy 
can be collected when available and/or transferred from pebble bed storage 
to water storage on demand. The other circuit controls the load loop blower 
so the heat can be .delivered to the site dwelling when heat is required. 


* Note: The controller is modified to eliminate the freeze and boll protection 
features and to energize the control relay with a aT > 40°F and de- 
• energize the control relay with a AT < 25®F. 
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Z.5.1 Collector Loop Blower Control 


Collecting Energy 

Solar energy is collected when heat is available in the solar collectors by 
running the collector loop blower. Energy can be collected in modes 1 and 2 
with control component states as shown in Table 2.5-1. A AT Controller, 
Controller No. 1, senses the temperature difference between the outlet of 
collector and bottom of storage. A control relay within the controller is 
energized when the temperature difference is 40°F or larger. This closes 
the relay contacts which completes the collector blower circuit and energizes 
the collector blower relay. The circuit is deenergized and the blower motor 
power cut-off when any of the following events occur: 

(1) The temperature difference between outlet of collector and bottom 
of storage is less than 25°F. 

(2) The Storage Temperature High Limit Switch contact opens when the 
bottom of storage is 200°F or higher. 

(3) The Preheat Tank High Limit Switch contact opens because the DHW 
preheat tank is 140°For higher. 

Transferring Energy 

Energy is transferred from rock bed storage to the- domestic hot water preheat 
tank when an excess of solar energy is available. This is accomplished by 
running the collector blower. Since hot air from storages passes through the 
collectors on its way to the air-to-water heat exchanger, energy will be lost 
through the collectors. This mode of operation is therefore hot permitted in 
the Spring, Fall, and Winter seasons. 

Energy can be transferred from storage to the preheat' tank in mode 1 when solar 
energy is not available at the collector by running the collector blower with 
control components states as shown in line 2 of Table 2.5-1. 
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In the sunmer mode, a aT. C ontroller, Controller No. 2, senses the temperature 
difference between the bottom of pebble storage and bottom of the preheat tank. 

The control relay within the controller is energized .and. -deenergized to control 
_.the col-1 eetor blower in 'the same manner Controller No. 1 does. Since the con- 
trol relay in both Controller No. 1 and Controller No. 2 are in parallel in the 
blower control circuit, either controller can activate the collector blower; however 
the control relay in both controllers must be open to deenergize the collector blower. 

2;5.2 Summer Mode Switch 

The sunsner mode switch controls power to Controller No. 2. When switched to the 
sunsner mode position, Controller No. 2 is capable of controlling the collector 
blower motor. When switched to the alternate position. Controller No. 2 is dis- 
abled. 

2.5.3 Load Loop Slower -Control 

Heat is delivered to the site dwelling whenever the load loop blower is running 
provided heat is either being collected or is available in storage. Heat is de- 
livered exclusively from storage when the first stage contact of the site thermo- 
stat closes and the Storage Temperature Low Limit Control contact is open (top 
of rock storage is above 90°F). When the second stage sites dwelling thermo- 
stat contact closes or the Storage temperature Low Limit Control contact closes 
(top-. of rock storage is above 95°F) and the first stage contact is closed, 
auxiliary heat will be supplied in addition to any solar heat available from 
storage. 

2.5.4 Boil Protection 

A pressure relief valve is used as a safety device to limit the pressure and 
temperature of the water in the preheat tank. This valve will open permitting 
water to drain from the preheat tank if the water temperature exceeds ISB^F. 
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’2.5,5 Freeze Protection 


A freeze protection valve is used to protect the DHW heat exchanger from freez- 
ing if the Remote Solar Assembly is inactive in freezing weather for an extended 
period as if a prolonged power failure is encountered. The valve is thermally 
operated and will begin to open at 40'^F and be fully open at 34°F. Water will 
flow through the valve to a drain when the valve opens. Make-up water from 
the water supply system will supply the heat necessary to prevent freeze-up. 

2.6 AUXILIARY ENERGY SUBSYSTEM 

Since the solar system is not sized to provide 100% of the space heat required, 
an auxiliary source of heat is required. The auxilieiry heat device is sized to 
carry the site dwelling load independent of the solar capability. 

System 4 design incorporates auxiliary heat in series with solar storage as 
shown in Figure 2.0-1. Auxiliary heat in this configuration could be electric 
strip heat, gas or oil, fired furnace. The load loop blower should be capable 
of moving air through the auxiliary device; however, if the pressure drop is 
excessive, another blower in series may be required. The operating tempera- 
ture. of this second blower motor in the load loop should be compatible with 
the solar heated air that it will operate, in if it is duct mounted. 

If System 4 were used with a heat pump, or if the heating ducts are also to 
be used, for air conditioning, the heat pump or air conditioner 'would have to 
be added in parallel with the solar heating system as shown in Figure 2.6-1. 

The auxiliary heat in the parallel configuration would operate from the site 
dwelling thermostat second stage contacts. 


21 



LEGEND 


SYSTEM 4 DIAGRAM 


SHUT-OFF tX3 






APPENDIX 

Major Component Vendor Data 
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SOLARON COLLECTOR PANEL DETAILS 

DOUBLE GLAZED PANEL •> 



note; AtR FLOWS THRU THE 
' CHANNELS BENEATH . 

COLLECTOR PANEL the absorber plate 


FIGURE 2 COLLECTOR FIGURES COLLECTOR MANipOLD 

C. Components (Fig. 2, 3 & 4) 

• 1. Solar Collector (PATENTS APPLIED FOR) 

The Solaroh solar collector is an advanced type of an air heating, flat plate collector. Our 
exclusive internal rh an (folding allows the Solaron collector to be corhpletcly .modular. Factory pre-! 
assembled collector panels are'plugged into each other with a minimum of installation time. Air inlets 
and outlets are field cut into each collector array as required. The Solaron solar collector is designed 
for installation on any structurally sound surface, such as a roof, wall or specially made supports; 

The Solaron solar collector has the following general construction characteristics: 

Absorber: 28 gauge steel with porcelain enamel coating. 

Glazing: -‘Two 1/8" sealed special low iron tempered glass panels with a long 
■ life EPDM perimeter gasket. Glass plate can be easily removed for 
service or replacement, , . _ 

Pan: . 20 gauge steel, fully insulated with 3 3/4" fiberglass batt. Painted 

external surfaces. ' ' . , 

Connection Ports: Unique flange configuration permits tight air seal automatically 

as-modules are installed. ' • ; 

Cap Strip: Painted steel designed to provide weather seal between panels. • 
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SINGLE-INLET, 4-WAY DISCHARGE BLOWERS 



Adaptibl» to 4 Discharge Positions on the 4ob 
9Vt tolSVa'' Df». SJngIt-Width Wheels 


Designed and built for general duct ventilation, ex* 
wP^^f7€^T7% haustmg« air conditioning, and industrial air-movlng 
applications Single-Inlet type for quiet, efficient per* 
forwance. Adaptable to any of 4 standard discharges 
^50*72 merely re-locating adj, motor mount and 

^ motor on frame — see diagrams. Belt length remains 
NP zirSBb same for each discharge position. Precision, balanced, 
single-width wheels on ball bearings. Heavy gauge, die-stamned steel 
housings. Gray finish Resilient-mounted, automatic-reset tnerznally 
rotected Dayton motor and drive packed separately when blower 
ordered complete. Request Bulletin 706. 





Wheal 

DIa, 

Wheal 

Width 

Sh«(t 

DIa. 

inbt 

DU. 

Outlet 
K W 

H 

Overall Size 
W 

D 

BLOWER ONLY 
Lu$s Motor & Drive 
Slock No. Retail Each 

ShpB. Wl. 
Lest Wv. 
& Drive 

9Vi* 



10' 

lOH' 

0^' 

I0>» 

mi' 


2C986 

584.70 

$50.72 

22 

10% 

6 

• V. 

U 

11% 

8% 

18 

12% 

10% 

2C987 

07.21 

58.21 

29 

12% 

G 

H 

laii 

131^ 


21% 

1214 

lil% 

2C388 

1,13.32 

91.81 

36 

15* 

a 


15% 

is’l, 

8% 

2r> 

124 


2C889 

iti.SR-i 

145.81 

47 

18% 

u 

1 



I2K 

30 

17J', 

204 

4C218 

to,uu 

180.67 

82 


SINGLE-tNLET BLOWERS WITH MOTOR & DRIVE 


BLOWER WITH 1726 RPM MOTOR i DRIVE 





CFM AIR DELIVERY 
AT RPM SHOWN 



MOTOR DATA 

All With Automatic 
Thermal Protection 

Wheal 

Dll. 

: Free 
Air 

1/8" 

SP 

J/r 

SP 

3/B" 

SP 

1 /r 

SP 

6/8" 

SP 

Slower 

RPM 

HP 

Volts 
60 Hz 

Type 

Slock 

Me. 

Each 

9%* 

1090 

IHO 

810 

695 

500 

450 

926 

1/4 

115 

Split 

7C808 

$80.43 

1210 

1075 

04S 

80r» 

745 

045 

1030 

1/3 

115 

tSpIlt 

7CB10 

85.76 


1330 

1205 

.1085 

980 

8R5 

800 

HOC 

1/2 

1!5 

Split 

; 7C81Z 

100.19 

10%' 

1360 

1205 

1030 

840 

600 


705 

1/4 

115 

.split 

7C814 

92.47 

1485 

1360 

1220 

1005 

8HS 

C25 

765 

1/.1 

115 

Split 

7CS16 

93.91 


logo 

1575 

1445 

1310 

1175 

1010 

850 

1/2 

115 

Split 

7C8I8 

108.75 


1035 

1850 

1740 

1610 

1485 

1350 

1030 

3/4 

115/230 

Cap. 

7C820 

121.14 

I2%* 

1820 

1010 

1310 

10.10 

645 

- 

.560 

1/3 

115 

Split 

7C822 

128.25 

2060 

1885 

1000 

!390 

llti.S 

R80 

G52 

1/2 

L1.5 

Split 

7C824 

142.01 


2345 

2100 

2020 

1815 

150.5 

I2R5 

750 

.t/4 

115/230 

('ap. 

7CB26 

153.33 


/ 


1 

/ 

1820 

1505 

810 

3/1 

115/230 

Cap. 

7CS28 

151.52 

15” 

2100 

1775 

1450 

1000 





480 

1/3 

115 

Split 

7C830 

183.84 


2400 

2150 

I860 

1550 

1070 

— ... 

5IX) 

1/2 

115 

^lllt 

7C83Z 

195,06 


2070 

2580 

2375 

2100 

1750 

1360 

005 

3/4 

115/230 

Cap. 

7C834 

210.97 


3010 

28.10 

2640 

24J0 

2105 

18:IQ 

052 

1 

115/230 

Cap. 

3-Ph. 

7C836 

227.68 


.3010 

2830 

2040 

2430 

2105 

1830 

652 

1 

230/4GO 

7C837(”) 

219.47 

I8%” 

4300 

30AO 

3510 

2080 

2320 



467 

1 

230/460 

3*Ph. 

7C337C) 

296.03 

4950 

4570 

4180 

3750 

32.50 

2660 

525 

m 

230/4C0 

3-Ph. 

7C338C) 

299.08 


5480 

5100 

4800 

4400 

4020 

3480 

583 

2 

230/460 

3-Ph. 

7C339{”) 

3U6..d/ 


6120 

5000 

56.30 

5320 

4940 

4530 

053 

3 

230/460 

3-l’h. 

7C340C) 

342.49 


1*1 3-plta30 riRMl inuiinte.1 motora — Mat Iharmally proleelwl. 

Ift Motor Overlasdad — Mot rccammcndail for operation at this ntfttie prcMiire, with thiB HP. 


Ooyfon Full-Fact Carton label Makes Motor Stocking and Selection Easier 


975 D.tyton motor' types have 
^ll“Fact carton labels. The hclp- 
^ Dayton label illustrates and iden- 
|j®'s specific motor, and lists all its 
^'Portanl electrical and mechanical 



features clearly, for easy reference 
by dealer and user. Providing com- 
plete information on the label sim- 
plifies motor selection, helps assure 
customer satisfaction. 


SEE warranty information on page before index 649 
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FURNACE BLOWER and FAN-DUTY MOTORS 



1/i to 3/4 HP, 1725 or 1725/1140 RPM 
Split Phai«. Thtrmal Prptactlon 
40'-&’50°C'Rha, Contlnuoua Duty 
Low Nolle, Reduced Starting Torque 


$26.83 

1/6 HP 


NEMA 
56 FRAME 



For furnace blowers, aircoolers, belt-driven fans 
and similar applications that require reduced 
slartinK torque, low starting amps and low 
noise level. Split phase, 115, 208-230 & U5/230V, 
6(1 H/. Kesthent mounted. Sleeve bearings. 40'C 


ambient, Class A insulation, continuous -duty. 
Rotation easily reversed. Open, dripproof. Auto- 
matic reset thermal protection. Recognized by 
UL for construction under the Motor Component 
Recognition Program CSA approved Gray. 




VoUs 

NEMA 

Shaft 

Type 

Full-Load 

•»c 

Service 

stock 



Shpg. 

HP 

RPM 

60 Hz 

Frams 

Ola. 

Lani| 

Shalt 

Ampsf 

Rise 

Factor' 

No. 

Retail 

Each 

Wl. 

1/6 

1725 

M5 

48 

H' 

!«' 

Flat 

3..'i 

to 

1.35 

5K906 

S40.03 

$2E.S3 

13 

1/4 

1725 

M5T 

48 

ki 

1« 

I'iat 

h.W 

50 

1.0 

5K908 

42.39 

27-76 

13 


1725 

11.5 

48 


IH 

Flat 

•t.4 

40 

1.35 

5K907 

44.13 

Z8.90 

16 


1725 

115 



m 

Flat* 

,^3-47 

41) 

1.35 

5K977* 

44.13 

28-90 

16 


1725 

115 

56 

y» 

m 

Kev 

4 A 

40 

1.35 

5K260 

44.13 

28.90 

16 

1/3 

172.5 

n.5 , 

IK 

VI 

m 

fiat 

6,3 

50 

1.0 

5K909 

46.49 

30.44 

14 


172.5 

; 1 1,5 

48 


IM 

1 lat 

5.8 

40 

1..35 

5K68Z 

51.22 

33.54 

17 


T72.5 


48 


m 

.1 Iftt 

28 

40 

1.0 

6K717 

54.37 

. 35.60 

17 


172'i 

115 

18/50* 


IM 

Flat* 

,5.8 

40 

1.3.5 

6K030* 

51.22 

33.54 

17 


1725 ' 

115 

56 


ill! 

Key 

5 1 

40 

1 35 

5K261 

51.22 

33.54 

19 



. 

50 

5< 

Ifil 

Key 

0 0 


1 35 

5K654 

79 39 

S2.12 

21 

1/2 

172.5 

.115 

18 



1 ial 

7.0 

40 

1-2.1 

5K910 

71.71 

48.96 

19 



. 115 

•18/, 56* 


m 

Flat* 


to 

1.25 

SK258* 

71.71 

46.96 

18 


1725 - 

115 

56 


1’4I 

Key 

7.6 

50 

1.0 

6K399 

58 00 

37.98 

18 

* 

1725 


5G’ 

H 

l’,S 

Key 

3.8 

40 

1.25 _ 


74.86 

49.02 

21 


172.1 

113 

56 


i’'» 

Key 

7.4 

40 

1.25 < 

udifijUiy 

71.71 

46.96 

mum 


l72.>/n-l05 

115 


yr 

if'ii 

Key 

9.2 

50 

1.0 


79.59 

52.12 

23 


1725/11106 

115 

56 


VA 

Key 

8.5 

40 

1.25 

6K394 

101.63 

66.56 

24 

3/4 

17-’.5 

11.5/230 

56 

ii 

i".ft 

Ivey 

12.0 

40 

1.25 

6K624 

96.92 

63.47 

24 


(*1 Nos, uKl)77, ,5i\2.'>8 and 6K 030 liavo NHM A 48 frame body iiioimted on NEM.V 56 frame cradle base and anp- 
pliedmtb split sleel bushinic. (t) At 1725 RPM. (J) 1/6 HP at 1140 KPM. (§) 1/4 HP at 11 10 RPM. 


1/2 to 2 HP CAPACITOR-START BLOWER MOTORS 



'For helt-drlven furnace fans and blowers that re- 
quire reduced starting torque, lower starting amps 
and noise level. Capacitor-start, Induction-nm 
type. 40°C ambient, 1.23 service factor. Class A 
Insulation (46' C rise), continuous duty. Automatic 
reset thermal protection Open, dripproof. Sleeve 
bearings, except No- 6K805 has ball bearings. Resil- 
ient mount. NEMA 48 and 56 frames. Reversible rotation. Recog- 
nized by UL for eonstroction under- the Motor Component Recog- 
nition Program. CSA approved. Gray. Dayton brand. 


$39.22 


1/2 HP 


HP 

RPM 

NEMA 
Volts Frame 

EOHz (Sfip.tS) 

Full-Load 

Amps 

®11SV 

Stock 

No. 

Retail 

Each 

Shpg. 

wr. 

1/2 3450 

I15/208-2r;0 

48 

8.6 

6K804 

859.89 

$39.22 

16 

3/4 

3450 

115/208-2.50 

56 

- 9.2 

5K90O 

71.71 

46.96 

21 

1 

1726 

115/208-230 

66 

. 12.8 

6K157 

122.93 

80.50 


1 

3460 

115/208-230 

5G 

ll,6v 

5K901 

00 62 

59.34 

23 

2 

3450 

115/208-230 

56 

20 4 

6KU05 

145.78 

95.46 

37 



1/4 HP, 1 & 2-SPEED FAN DUTY . 

Permanent Split Capacitor Type. TENV, Air-Over, 

"TO direct driven exhaust and circulator fans 
**^00*X X, 1I5V, 60 Hz. Resilient mounted- Sleeve bearings, 
rioo BPJ« 40"C amblont, 55®C rise, continuous duty. Totally 
. enclosed. Automatic reset thermal protection CW 

rotation, easily reversed. NEMA ^8 frame Overall length 10%''; 
7% ' less shaft. Recognized by UL for construction under the 
Motor Component Recognition Program. CSA approved. Gray. 


RPM 


Ful^Load Amps 
®H00 RPM 


Slack 

No. 


' Rotail 


Each 


Shpg. 

Wt. ’ 


1100 
1100/2-Spd. 


30 

3.1 


3M339 

3M340 


S5S.30 
. 60.19 


$38.72 

39.44 


16 

18 


SEE warranty information on pace before index 
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refrigeratioii/air conditioning 


R8225A,B,C,D FAN RELAY 

.-c.-; ■ 

';ori" 

'■'OL" . 

AiMD , 

Used in heating, cooling, 
or heating-cooiing systems 
Integral 1/2 inch conduit 
spud' allows relay to be 
mounted on a standard 
junction box. Contacts' 
Silver cadmium oxide Max. Operating Ambient 115 F. 
Mounting Means- Threaded 1/2 inch NPT conduit spud. 
Dimensions (inches)' 2-11/16 high, 2-1/2 wide, 3-7/16 
deep Listed by Underwriters Laboratories Inc. 

RESISTIVE RATINGS: For N.O. contacts-IG amp at 
120V, 8 amp at 24QV; auxiliary contacts~3 amp at 
120V, 2 amp at 240V ac. 



SWITCHING AND COIL RATINGS: 


Models 


Switching 


Configuration 
and Color-coding 


R8225A 


R8225B 


R8225C 


R8225D 


spdt 


1 ipst N.O. 


1 spsi N O. 
1 spst N.C. 


dpst 

1 main N O. 
1 aux. N O. 






Ml A( K II ML ACK 




1 OAI1 ( ONTACTS 
MIACK II MlArK 


AUXlUARY CONTACTS 
YLLLOW tl vrLLOW 


TRADELINE MODELS: 


Contact Ratings (ampares) 


Order 

Number 

[ 120V ac. 1 

1 240V ac ’ 

N.O. 

(1 hp) 

N.C. 
(3/4 hp) 

N.O. 

(1 hp) 

NX. 
(3/4 hp) 

R8225A101?a 

160 FL 
96 0 LR 

138FL 
■ 82 8 LR 

8.0 FL 
48.0 LR 

6.9 FL 
41.4 LR 


Additional Models 


Contact Ratings (amperes! 


Order 

Number 

1 - 120V 3c 

I 240V ac 

N.O. 
(3/4 hp) 

N C. 
(3/4 hp) 

N.O. 

(Thpl 

N.C. 
(3/4 hp) 

R8225A1041 

13.8 FL 
32 8 LR 

13.8 FL i 
82 8 LR 

80 FL 
48 0 LR 

6.9 FL 
41 4 LR 

R8225B1007 

138 FL 
82 8 LR 

- 

80 FL 
48 0 LR 

- 

R8225C1005 

138 FL 
82 8 LR 

13 8 FL 
82 8 LR 

80 FL 
48 0 LR 

69 FL 
41 4 LR 

R8225D1003 

[rnair.l 

(aux.) 

138 FL 
82 8 LR 

- 

80 FL 
48 0 LR 

- 

3 0 FL 
18 0 LR 

- 

.1 9 FL 
11 4 LR 

- 


■'134259 Flush Mourning Bracket included. 



Operating Coil Pull-in 

Imush 

Sealed 

, Voltage 


6VA ■ 

18V 

maximum 

11 VA 


at 75 percent of 

maximum 

maximum 

rated 

voltage 


, — 



R8146A ADD-ON 
HEATING.RELAY 

PROVIDES SWITCHING 
FOR A SELF-OENERA- 
, TING iPO'-VEnPILEl 
.HEATING SYSTEM 
WHEN COOLING IS ADD- 
. ED TO EXISTING IN- 
' STALLATION. 

Used with R856B, R8226, 
R8227, or R8239 Fan • 
Centers and T87F Room 
Thermostat. R8146A -iso- 
lates millivolt heating system power from 24 volt cooling 
system control circuit. Electrical Rating: Contacts— 0.25 
amp at 0.25 to 1 2V dc or 1 .5 amp at 24V ac. Relay Coil— 
0.4 amp at 24V ac. Ambient Temp. Range: 0 to 100 F, 
Mounting Dimensions (inches): 5-1/4 high, 4-1/4 wide, 

3 deep. Listed by Underwriters Laboratories Inc. 



R8093A THERMAL 
- TIME DELAY RELAY 


‘"i '/ L'n :v. .|1 IT- 

.'LN-r C.’>- 

EKAilON .:Y 
ING START CF CJ.M- 
PRESSOR O-'l 
FROM T'-iE.^MOSrAT. 
Prevents compressor 'dam- 
age as a result of rapid 
cycling. Prevents excessive 
inrush current on simulta- 
neous start of 2 compressors. Switch Action: Spst 
normally open contacts. Contact Rating; 1.B amp 
at 24V ac, 50/60 Hz. Heater Voltage: 24V ac; heater 
current 0.03 amp. Timing: Make— 35 seconds (nominal); 
Break-35 seconds maximum (minimum - on time is 
3 seconds). Ambient Temperature; 40 to 140 F at ?5 
to no percent rated voltage. Unit will operate at 
0- F at rated voltage. Quick-connect terminals. Case 
Dimensions (inches): 3-3/4 high, 2-5/1 6 wide, 2-1/8 deep. 






Order Number 

Case and Cover 




R8093A1008 

Yes 

Order Number 

Switching 

Coil Voltage ' 

R8093A10243 

' No 

R8146A1005 

spst 

24V ac 

^Includes mounting bracket. 
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DA'!?. .. r:PTFMgER 1. 1975 


'"UPPRSEDKS WS- 


J-L 


>1 DIVISION OF HALSTEAD INDUSTRIES INC. ISI-k-J 

Hot Water and Standard Steam Coils y 

WITH PLATE FINNED SURFACE. 5/8" O D. STACf.FRED UJRI. DESIC.N 

MOST COJ.LSIZES.SHIRP-ED FROM STOCK ' 


ScE IMICE LIST FSP-11 FOR DE, OV & LARGhi-i 
S.ZEuOILS.' 

^P.W " - " 



1 ROW COILS 


• 

2 ROW COILS 



M3H @60° E 

AT 800 FPM 

1 

* 


y&H @ 60° EAT SCO FPM 



200° - 180° 




- 180° 



COIL MODEL 

Hot WoLer 

5 PSI STEAM 

LIST PRICE 

coil. MODEL 

Hot Woter 

5 PSI STEAM ' 

LIST PR 1C 

SW1-6-12-8 

13 

15 

131.00 

SW2-6-12-8 

20 

26 

166.00 

SW1-6-15-8* 

16 

19 

136.00 

SW2-6-15-8* 

26 

33 

170.00 

SW1-6-18-8 

18 

23 

138.00 

sxv^e-is-o* 

31 

40 

173.00 

SW1-9-9-8* 

14 

17 

136,00 

SW2-9-9-8* 

23 

30 

168.i;0 

SW 1-9-1 2-8 

18 

23 

140.00 

SW2-9-12-8 

30 

39 

rn.Qo 

SW1-9-15-8* 

23 

28 

145.00 

SW2-9-15-8 

38 

49 

180.00 

SW1-9-18-8 

28 

34 

150.00 

SW2-9-18 8 

46 

60 

185.00 

SW1-1 2-12-8 

25 

30 

150.00 

SW'2-12 12-8 

41 

53 

1G6.00 

SW1-1 2-15-8* 

31 

37 

160.00 

PA'2 12-15-8 

51 . 

66 

195.00 

SW1-12-18-8 

37 

46 

170.00 

SW2-12-18-8 

61 

79 

202.00 

SW1-1 2-24-8 

- 49 

61 

180.00 

SW2- 12-24-8 

81 

106 . 

232.00 

SW1-12-30-8 

63 

75 

198.00 

SW2-12-30-S 

102 

133 

254.G0 

SWM2-36-8" 

75 

90 

220.00 

SW2-I2 36 8 

122 

158 

281.00 

SWM5-18-8 

46 

57 

180.00 

SW2-15-18-S 

76 

99 

215.00 

SW1-1 5-24-8 

61 

76 

195.00 

SW2-15-24 8 

102 . 

132 

251.00 

■'''5W 1-1 5-30-8 

78 

94 

225.00 

SW2- 15-30-8 

126 

164 

292.00 

3W1-15-36-8* 

J^WI-18-18-8* 

94 

113 

256.00 


152 


32&.00 

56 

68 • 

200.00 





SW1-18-24-8 

75 

90 

232.00 


122- 



SW1-1 8-30-8* 

94 

113 

260.00 

SW2-18-30 8 

152 

198 

333.00 

SW1-1 8-36-8 

113 

135 

280.00 

S'W2- 18-36-0 

183 

233 

353 on 

SW1 -18-48-8* 

150 

180 

328.00 

SW2-10-48-8 

244 

316 

420.no 

SW1 -21-30-8* 

110 

131 

283.00 

SW2-2 1-30-8 

178 

231 

363.00 

SW1-21-36-8* 

131 

158 

314 00 

SW2-2 1-36-8 

213 

277 

402.00 

SW1-21-48-8* 

175 

210 

368.00 

■ SW2-21-48-8 

28? 

371 

472.00 

SW1-24-24-8 

100 

120 

281.00 

SW2-24-24-8 

1G4 

212 

360.00 

■ SW1-24-30-8* 

125 

150 

319,00 

SW2-24-30-8 

205 

265 

403.00 

SW1 -24-36-8 

150 

180 

345-.00 

SW2-24-36-8 

244 

316 

442.00 

SW1-24-48-8 

200 

240 

393 00 

5W2-24-48-8 

325 

421 

510 00 

SW 1-27-54-8* 

253 

304 

450.00 

SV/2-27-54-8 

415 

537 

nnn.nf! 

■ SW1-30-48-8* 

250 

300 

470.00 

SW2-30-40 3 

r 

410 

530 

CQ2.00 


, NOTES: 

1. All prices are subject to change without notice. 

2. 'F.O 8.— Scottsboro. Alabama; Terms-Net 30 

3. Prices include casing. 

4. Aluminum fins and copper tubing are standard. 

B. For copper fins, contact factory for quotation. 

6. For red brass tubing, contact factory for quotation. 

7. Cleanable tube water coils ara available. Contact 
factory for quotation. 
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MODEL NUMBEH EXPLAN f.TIOlM- 

Coll Type, Rows Deep. Fin Height, Fin Length, Fins Per Inch 
Example 

SW— 1—6— 18— 8 Stcini o: Water, t Row Doeo 6" Finned Height 
1 fl" Finned Length, 8 Fins Per Inch. 


♦NORMALLY NOT STOCK ITEM 


SEE REVERSE SIDE FOR 
FURTHER DETAILS 


HALSTEAD & MITCHELL • DIVISION OF HALSTEAD IND -“RIES INC. ® SCOTTSBORO, ALA. 35768 « {205) 259-1212 
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HALSTEAD & MITCHELL BOOSTER COILi 


DIMENSIONS 



CORRESPOND TO CAPACITY 


CAPACITY CORRECTION FACTORS 



• fio" EAT 


inlet Air Dry Bulb Temp. 


STEAM ONLY 


WATER AND STEAM 




isssMSsaasss asaaagjsmsm ^ 


10 20 30 . 40 

INLET AIR D B. *F 


. 50 60 70 80 


AIR SIDE FRICTION LOSS 



- - 29 

HALSTEAD & MITCHELL • DIVISION OF HALSTEAt .. .DUSTRIES INC. » SCOTTSBORO, ALA. 35768 ® (205) 259-1213 



































AIR FRICTION LOSS - INCHES OF WATER 


5/8" O.D. COPPER TUBES 
1 1/2 X 1 . 299 STAGGERED ' 
CORRUGATED PLATE FUxi' 



A!R- FRICTION 



SECriONS PAGE606 
SEPTEMBER 1969 



8 ROW 


6 ROW 


5 ROW 


4 ROW 


3 ROW 


; ROW 


I ROW 


face velocity - FPM 


WETTED SURFACE 
CORRECTION FACTORS 


Entering Dew Point Minus 
Refrig, or Water Temp 

' Factor 

J 

FPI 

(5 

10 ■ 

1 1 00 
*■■■ 1 11" 

8” 
10 ' 

20 

; ■ '1.20 

12" 

30 

‘ ' 1 27' 

*14 ■ 

40 

i T.35' 



FINS PER INCH 
CORRECTION FACTORS 

Factor 
84 

1 CO" ; 

’l 16 ^ 

1.33 

'iTBi” 
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Z. Miernuon? Pennsv'Vjma* 


Wynne, Arkansas 






Pages containing Raskin Mfg. Co. 1976 copyright information have 
been deleted. For control damper, type CD454, information, contact 
Raskin Mfg. Co., Grandview, Missouri 64030. 
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>KCCI^JCATIC3NSs* 

fOlL^ISKi l^^CCiriOTtCNS lN3lC»T£ NORMl CONSTfliJCnON O^* Th£ 

aLAOC BACf( PfttSSU^C OAKTCRS. 


.0^0” CXTRJOLO ALJMINUr^, 60bj«l3 AUOT 

fOR OjCT vLlCiCiJt Thru 90 O A CQAICO fAbfliC WTCRIAu ft" Kill 0C UiCO. 

'■** i£ ‘JNOEK jao r.f».K fio'O oiRtAsnc is ftccow^vxo* AVAu.AbLL 

AOw.SC \£Lr“ ‘ ‘ ■ 


TRAK- 
dlAQCS 

^ZUC VClC>CiTt 

AT KTRA COST. AOw.SC MLCCiTT A^JClAOr VATEftlAL. 
tJLAJt - C0ATC3 l/d** .Osl CALVASiZEO SiCtL SCRCCV 

rmiSH •* KruL 

HAX,»A/4 *0' OlHC*«lv»T - S’* TO \Z* HiCM - e-lA' 

13“ TC ;5'* HIGH - 3-TA" 

» iy TO HIGH - 

6LA0C angle «fU. ec COiiSTANT« ARRPOXiKAlUY 6 OCGRCCS^ THCR£FOR€» DEPTH wiU vAR« OEPCNCiVi 

3N HiiGHT, eji w<iL exceed Aasvi: *c oim(nsic*«s, 

HAIK>I PANEL SI2E • 36 “ MiOC X HICK. wHtH LAflCLfi Ufcfj ! IS ficcutflfo DAMPER ulU. QL fASSlCAlCO 
IN MJLfiPLC SECTlJ^lS rOA TlEtJ A«SEK)Lt. 

KUXfKJM TEaPCPATuRE AUO>«ArtCC 250 OCCRECS f. FOP bPCClAL «lCH T£*4»L»UTuRC APPLICATION. iSFi^R^Aj 
ON RWy£ST. 

A16 APt O’JCT SIZES. BACK PRESS JRE CAMPERS ARC fAfcHiCATEO 1,6“ ^<R5i2^. 

UNITS ARE TAdRlCATEO FOR CITHER hORi20NTAL OR VERTICAL HOmNTiNO, PLEASE SPLCiFY. 

other gauges ANO material for FRAKl, BlAOE stop and BlaOCS arc available on flEOLi:sl, 

FASTENERS. iMClR JtfC AnO LOCATi^ ASO HCTHOO Cf FRSlfNl.f^ fkU: SUi-tCI T^; CtV SCuCCTiy. TO 
maintain tsCST C\/erFnXiiyN practices. SPCC*F iCATiOnS are SUBvECT ic KORVa*, I0U‘«ANC£S, dJt- 
oi^CNSicfvAL A'40 Visual. 

orahings are su&.cct to Change wj iho^t notice. 




HORIZOM7ALLY 

MOUNTED 


It e^s GA 
ALUM FLAlt 



16 -sis CA ALUM 
PLATE ■ 


‘MULLION FOR K0RIZ0NTA1.1Y 
MOUNTED UNITS 


MULLION FOR VERTICALLY 
MOUNTED UNITS 


NO, 

REQ’D 

n 

B 

BtAOE 

MAfL 

VELOCITY 

NO 

PANELS 

GA 

FRAME 

TYPE 

MOUNTING 















Bi 








Bi 






. 








f 

BB: 




DATE 


customer: 


CUSTOMER OWJfR NO. 

AGENTS ORDER NO 

JOB 


LOGO C H'n 


BEOR/WVN, FHAMc CHG'D 


FRAME KUTERIAL aiG'p 


redrawn, CEhi. REV 

REVISION 


ii> 6-;i 


12 2c-6dD.VL 


f> 14 -63 
I- s' "eS 


DATE 


Jm 


^J c. 


GH 


BY 


lot ^ «UM MIT 01 


lameriran wofminq 
and vt?nlitaiing inc 


roLrou OHIO 


FABRIC BL-ADE BACl^ 
PRESSURE DAMPER 
SH3“P-|2I7 , ?l236-3 


CKD 8Y 


ORN Dv 

^’■‘‘ia-TyTeil 


IE 




owe NO 

ShB-D-I2!7 


0( 

3 i 


MCI 

ijw 


Hi 
















PRESSURE DROP IN INCHES OF WATER 



american warming 
and ventilating inc 


■'.ATALOCj SeCTtON 2 
OAMPERS — SACK PRESSURE 


TEST DATA 


SERIES, SHB-P- 1217 DA-ivIPER 
FACE VELOCITY V3. STATIC PRESSURE 



FACE VELOCITY IN FEET PER MINUTE 


okgmal f aqis^ 

OF POOR QUALlTTi 


f>. O, BOX 1 71 7 cs 
1017 SUMMIT ST. 


TOLEDO. OHIO 43603 
C419) 243-7161 


AMCA member 
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Pages containing Ruskin M£g. Co. 1976 copyright information have 
been deleted. For damper actuator, model MP- 1 16 1 -B, information, 
contact Ruskin Mfg. Co. , Grandview, Missouri 64030. 
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Thermal Bleeder Valves 

drutri^ uuti'r lln<^^ uiid uuUr 
rooted i'i|iii]nnrn( for }>ositt>e protrrItoQ 
’ai*nin<kt frrr/r-«j» . chnnnntcs freeze 
««** rejyira, down-tlmc. .ind wasted water. 
‘OpH'iis ohJ.\ wlien damtrr of frre/lnj; Is ImmU 
m*Hl amt iIoms its soon us IrnMH'nilarr rises 
to u.safe le\el. Sclf^actuaUnA AtKl sc»f-operal- 
InR . . does not depend on uny power source. 
MiiNimmn worktiiK' presiorr IIMJ I'SI. Has 
ii" IPS inJot and outlet t'onstrnctert of 
Jie.isy Orass body, .stainless sleel spniip, and 
Buna S poppet . . . ulil nut ru:>( or corrode. 
Sensor Is sealed, never needs to be replaced under normal 
operating cundtUon^ . . . requires no service 
Xos. 4858N12 & N14 — Is full open or closed for use where 
temp drops rapidly, NlO^trlckte starts at 3S*F 



Actu.ited 

Full 

Full 

NET 

So 

By Temp 

Open 

Closed 

EACH 

4S5BVIi 

— Ambient Air .... . 

. 34**P. . 

. .. 40"F. , 

$103.93 

48'i8M4 

— Ambient Air . . 

.2D*F. ... 

. 35* F. . 

1115.93 

4858M6 — Surround Water 

34*F. ,, 

.. 40"F 

.. 103,98 




By-Pass Relief Valves 

This %nl\e has hron/ii hrtd> and stnlnlrss 
M«vl trim. It l«« poiniiir for use \\1lli h>- 
draiiilc pumping units, whrre n predetermined 
pump dlsrhiirce prrvMire must be nmlnlained 
on such equipment ns n m.vihlne tool hv- 
druoltc meihmism, r:inu pros, lift, or un> 
svstem requiring regulation of the pump dis- 
charge pressure Suitable In svnicrm where 
the valve^must dncliarRe Into high or vari- 
able pressures In the bvpass return lines 
Suitable for w.atcr, other liquids and fuel 
oili, of all Ivpes Not recommended for sieam 
Mnslmum 3 emperature, 4S0^F. 


Sire 

In 


Spring Adjustment 
Range Lbs 


net 

EA.CH 


ie6»Ki2 . 

... , Vi 

5-75 


$:ro.G3 

(C62KI3 .. 

. W V^.. . ...... ,, 

50-150 . . 

.. _ 

30 68 

4b62kl4 .. 

.. ... Vi ... 

.. 100-300 . 


36.68 

466IK13 

Vi - 

. 200-600. 



. 36 68 

iccihie . 

. V* . .. ... . — — 

. 5-75 . 


30-68 

i6C’M7 

Si 

.. 50-150 . . 

.. .. p 

. 3fi 58 

IMilKlH. 


.100-300 


. 30 ca 

tOGiK19 . 

p............ ........... 

V, 

200-600 . 


. 36.68 

466IN21 .. 

. 1 

.. 5-75 , .. 


70.37 

tC6!N22 . 


. S0-150-. 


.. 76.37 

(66JN23 , 

.. .. 1 .. 

„100-300. .. 


76 37 

(([pilvil „ 

1 

200-600 . 


76 37 

iii6‘.*h23 .. 


. 5-75 . 


.. 70.37 

(66!Ni6 .. 

— I Vi 

.. 50-150 . 


70 37 

<K6-iX27 ... 

.1% 

.100-300 . . 


... 76.37 

I662N28 

...... — XVi 

. 200-600.. , 


.. 76.37 



Pressure-Temperature Relief Valves 

Oinstnu'llon features Include: Brass on 
lower end or valve, bronze on upper part, 

Rtainlcss steel sjirlng and all working parts 
brass 

< iirnidnes the outstanding qualities of a 
pressure relief and a lemperatiire relief vnl\e 
Inio one unl( V.i*\e reseats automatical^ 

AH (unnecthins female thread. Meets 
A*sMK reiiinremenfs. Rated and certified by 
Che NatUmal Ito.ird Temperature relief ca- 
paellies esLiblishetJ by A<»\ at BTI*/ 

hr. (steam). The rmoMalic element stalls to 
open at Silo^P. opens fuU> at 210T 

~ 970IM2 976IN13 97$IN14 

Opening rres<:ure. PSI 

76 100 125 - 150 

Pressure Relief. BTU/Kr. Steam Disch ASME 

1.229.000 1.576,000 1,924.000 2.271,000 

NET EACH ...... SU.45 S14.45 $14.45 $14.45 



Forged Steel Relief Valves 

.Standard construction provides for carbon 
steel springs for relieving pressure to 600 PSI 
at temperatures cn 450". 

^ atves are available for greater relieving pres- 
sure <to 900 PSI) and higher temperatures. 
Prices On Request 

A maximum working pressure of 2000* PSI 
at 100*F or 700 PSI at $60*F Is permlssabie 
Mect.s aSME code for unflred pressure vessels. 

Relieves pressure m pump lines, drums, heal 
exchangers, unflred pressure vessels handling 
Water, steam, oil, or vapor. May be used to 
relieve Into the atmosphere or imo another part 
of the piping system Forged steel bodv. Stainless 
steel bail and seat. Angle pattern, screwed con- 
nections 

No. 4709N 



Size In Vt % ^ \ 

NET EACH — ... ,. $57.00 $57.00 $78.53 $93.32 $112.71 
NOTE: When ordering specify: Set Pressure, Service Tem- 
peruture* Size and Number. 



Guided Piston Relief Valves 

ALUMIM'M • BKASS STAINLKSS 8TEEI, 

ThMe relief valves are available ulth Aluminum, Brass or Stainless StrrI boitlcs. Sorlne and 
piston are all stainless Mecl ^ 

P'urnishcd with a soft seat for gas and liquid service. Seat Material: 5-125 PSI Synthetic rub- 
ber, )2S-3100 PSI Teflon P'or .Service from —65 to 325"P. 

Aiso available with metal to metal seat, designed for general Industrial liquid application such 
as oil and water and Slllcone>seat designed for fuel, chemical and other services . . Prices on 
requfM. 

Furnished standard with female Inlet and outlet. Male Inlet and female outlet available . . . 
Prices on request. 

Available with factory set.pressure as Indicated 

Direct acting relief valve vvllh excellent chametrristics of quick, smooth unloading and ac- 
curate operation within the pressure range. 



When ordering specify No 4706K. flJze. Factory Pre.ssure Scitlnp, Type of Service and whether aluminum, brass 
"T stainless steel is desired 


tlumlatim . 

8fa«,s 

^tolaJecs Steel . . . . 

Wze 
... S 32.3« 
12 38 

91.44 

NET EACH 
Vi" Site 
$ 33.17 
33 17 
93.02 

No. 4700K 

Size 
S 34.41 
34 44 
94.21 

Vy* Sire 
$ 38.03 
38 63 
109.25 

Size 1 
$ 40.38 j 
40.38 1 

111.63 1 

fPres&ure Range 
Range 
1 5-15 PSI 

1 10-50 PSI 
1 40-125 PSI 

Settings Available 
Factory Set 
10 PSI 
35 PSI 
90 PSI 

J’uminum ..... 
oravs ... 

Steel ‘ 

size 
... S .1,5.38 
3i.3H 
91,44 

NET EACH 
J/ 4 " Size 
$ 3M7 
n 17 
3 .S .02 

Size 
$ 34.44 
34 4 4 
34.21 

y.** size 
$ 38.03 
3K.(ii 
109.23 

Size 
5 40 38 
40.38 
111,63 

'PrcHhure Range 
Range 
315-200 PSI 
235-4.50 PSt 
430-650 PSI 
630-850 PSI 
G30-1020 PSI 

Settings Available 
Factory Set 
200 PST 
360 PSI 
550 PSI 
750 PSI 
850 PSI 

J'milnum .. . . 

Size 
$ 42.28 
4 5 2H 
1O4.30 

NET KAt'll 
J/i" Mzft 
$ 4 1.1.5 
4 1 n 
J 06.118 

^Slze 
$ 44.18 
44 18 
107.27 

yy* size 

$ 48.01 
4K.GI 
122 71 

yy' size • 
$ 50 61 
60.51 
124.93 

Pres!>ure Range 
Range 

800-1500 PSI 

Settings Av*allab)e 
Factory Set 
1000 PSI 

.. .. .. V . . 

'^Mnleut SleeJ . . *. * 

1500-2760 PSI 
2000-3100 PSI 

2200 PSI 
2600 PSI 


M c MASTER- 

CARR 
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ASCO’s "Wl TP£^|NI 

TEMPERATURE SWITCH 

incorporates the features most wanted! 


• Fifteen Different Stancfard 
Switch Units Available 


Available in General Purpose. 
Watertight, and Explosion- N 
Proof Construction 
(Explosion-Proof Construction 
Shown) 


Fixed Factory Mounted 
Snap Action Switch 


Watertight Gasket — - ^ 

Adjustable Reactuation 
(Reset) Point Over — „ _ 
Full Scale 

Cover and Gasket for 
Adjusting Nuts Furnished 
on Watertight and Explo- 
sion-Proof Models 


Copper-Free* Aluminum 
Die-Cast Body 


Separate Temperature Transducer 
for Field or Distributor 
Assembly to Switch Unit -- 

Thirty-six Different 

Standard Temperature 

Transducers 
Available m 9 Different 
Standard Temperature 
Ranges 

Vapor Pressure Operation — 

■ Limited Fill of Volatile 
Liquid Assures High 
Over Temperature 
Protection and 
Minimizes Ambient 
Temperature Effects 


Temperature Sensing Element^ 
Available Standard as Direct 
Probe or Capillary and Bulb in 
Copper or Stainless Steel 




f M 




-Separate Electrical Chamber 


i/m. 



o~ 


--J ih 


'I 

1.# 

Is 




••Two Through Wiring 
Conduit Hubs 

• External Mounting Lugs 

^Externally Visible Temperature 
Scale in °F and “C 

. Adjustable Actuation (Set) 
Point Over Full Scale 

-Unique TRI-POINT 
Alternating Fulcrum 
Balance Plate 


%" Diameter 
-Bulb (or Probe) may be 
Mounted Horizontally or 
Vertically Without 
Affecting Operation 





! Capillary Standard with 

Double Braided Copper or 
liraT Plain Stainless Steel. Also 

with Galvanized 
^e^or Stainless Steel 
®)^lffl|gjrIocked Armor 


* 06 % copptr content or l»n 



tCTD 





SEBiES: SA10 « SA11 ® SA12 


ADJUSTABLE p^ADSAMD TYPE 
Independently ^justable Set and 
Reset Points Over Entire Range 


GENERAL DESCRIPTION;. This senes -of- -ASGO TRI- 
POlNT Temperature Switches is the atJ|ustabl,3 deadband 
type. I hey consist of two separate sub units, a factory ad- 
justed switch assembly unit and a temperature transducer 
unit. The temperatuie transducer utiiizes a vapor fin to 
actuate the swtch assembly unit in response to tempera- 
ture changes. These temperature sv/itches may be pur- 
chased as an assembled unit, or they may be purchased 
as two separate units for field assembly. In all cases, when 
ordering, the third digit oi the switch assembly unit must 
be Identical to the third digit of the temperature trans- 
ducer unit 

'Example: SA10A Assembled to QA10A1 
‘ Must Be l<Jenl‘cal 

CPE??AT?Ot^ The temperature transducer uses the vapor 
pressure principle in which tne vapor pressure of the liquid 

SPECIFiCATiONS 


in' the sensing bulb is related to the temperature being 
sensed. This pressure is converted into a force and trans- 
mitted to the balance plate Two independently adjustable 
springs apply a counter force to the balance plate. Move- 
ment of the balance plate in two steps is transmitted to tne 
snap action electrical switch by an operating rod. The actu- 
ation (set) point and the reactuation (reset) point are both 
independently adjustable over the full temperature range 
of the switch The temperature difference between the set 
and reset points is the deadband and is adjustable from the 
minimum as listed below to the maximum of the full range. ■ 

OPTIONAL FEATURES: Several options are available; 
for details and availability, consult pages 9, 10 and 11. 

ELECTRICAL INFORMATION: Consult page 9 for elec- 
trical ratings and schematics for standard and optional 
snap action switches. 


ROW TO Stt£CT AND QSIDER 

\ Oetewifip temperalufc T3npe Pfelersbty iJ'e 

dUuaNon pom! lie <n tne in tv^o Ihuds ol 

tti® span Ctietk Jlis fna^jmutn !enipe’’3tijre rating 
IS suMrcient 

2 . across aofl ssfect one sv/iich assembly unit* with 
ihc proper enclosore 

3. Cortmue ocio'^s the same Jme and selTcl one tfa*isducer 

' according to tt^e construction drsir^ 

)4. field Assembly* Order the svr>'fh assembly umi and the 
u^xt by their respective catalog numbers tt 
'(O'j desire to field assemble the lempcraiirre witch. 
The third digit in e^ch ratatog numoer must bCMdenhcat. 


SWI TCH A SSEMBLY UNITS 

(Tun “i” MPr Cooiml Hubs SUmlJIiil, 


> !&■* 




ADlUSIftSEE 

qperaiinc 

RANCE 
(HI OcErees) 

MAX. 

TEaMP. 

(In Degrees) 

DUOfiftND 

ftT 

Mm nANGE' 
(h Degrees) 

GENERAL 

PURPOSE 

ENCLOSURE 

CATALOG HO. 

WATERTIGHT 

ENCLOSURE 

CATALOG NO. 

EXPLOSION' I 
PROOF L 

ENCLOSURE 

CATALOG NO,”' 

'F 

-60. 20 

2G0 

6 




- 'C 

-51 —7 

93 . 

33 

SAiUA 

oAJl lA 

1 


'F 

• -30- 60 • 

! 250 . 

•6 

' { 

T 


”C 

• -34- 16 

= 121 

3.3 

oAiLiA 1 

oAilA 1 



I TEMPERATU3E TRANSDUCER UNITS 

i 

Oireet 

Capillary and 

|. Probe 

Suiii 

i 


' 


9 

[ J 


Armsrad Goppar Capillary 


at Plant Stainless Steel 


Capiliary 

J 


E’ CAPIUjERY akd bulb 


OlEcCT PROBE 


I COPPER 
-J {Anncied 
Capillbm; 


316 S.S. 
• (PtaTa 
Capillary) 



QD10A4 QDllAl QiniA4 


50-160 



10-71 

177 

3.8 

‘F 

100-220 

450 

8 

*C 

38-104 

232 

44 

'F 

160 - 260 

500 

9 

-c 

71 - 127 

260 

50 

'F 

225-340 

600 

12 

'C 

107 - 171 

336 

6.7 

'F 

300-450 

700 

12 

<'C~ 

149-232 

371 

6.7 

••F 

350-510 

800 

18 

'C " 

177-266 

427 

10 


'C ’ 177 - 266 427 ” lo' ^ 


*AI Ejlfpme Enav ot Raura. Valuiv May Vary up lo SO^i. ol LtsleO Ocadbanil. 


SA12A i QFlOAl -i QF10A4 QFlIAl J5F 


SA12A OilOAI QJ10A4 QillAl QJ11A4 


SA12A I QLlOAl j QL10A4 QUIAI QLliA4 


SA12A ■ QNIOAI ; QN10A4 QNllAl QNUA4 


SA12A i QTlOAl ‘ QT10A4 j QTllAl QT11A4 
■ I 


■SA12A QUIOAI ; QU10A4 ' QUllAl QU11A4 







SOLAR 

CONTROL 







lot Water Controller 


Description 

The mode! 77-1 71' is a solid- 
state differentia! thermostat 
capable of fuliy controlling a 
solar hot water heating 
system. The unit is designed 
for a lifetime of maintenance 
free service, and incorporates 
freeze and boil protect circuitry. 


Air and Water Probes 



Specifications 

Input Voltage .• Either 120 VAC =:10V or 24 VAC ±4V 

input Power 3 watts, no load. 

Control Relay SPOT, 10A. (resistive) at 28 VDC or 120 VAC Higher 

ratings available. 

Output Voltage Either 120 VAC or 24 VAC. 

Sensors Matched thermistors, (±1®Cover range from 0°C to +100'’C) 

in a metal housing, with high temperature teflon leads 

Differentia! Turn-off 

Offset Typically 4®F ±2“ @100"E (can be adjusted by a 

resistor change) 

Differential Turn-on 

Offset Typically 20®F ±2® @ 1 00®F. (can be adjusted by a resistor chai 

Temperature 

Range Controller chassis -40®F to 140®F 

, Sensors. — 40®F to +300®F 

Tracking Accuracy ± 5®F over entire operating range ORIGINAL PAGE 'it 

Isolation Protection 1500 V POOR QUALlTli 

Size ; . 4" X 4" X 3V2" 



* SOLAR CONTROL CORR 5595 Arapahoe Road. Boulder. Colorado 80302 303/449-9180 



FIELD INSTALLATION DIAGRAM 


TEKMINAI.F 


AUX. OUTLET 
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BASO" TRTNST3RMEnS 


For Use With PENN-BASO Gas Con'.rols end Igniiion Systems 


APPLICATION 

These transformers are designed to match' the 25 volt 
power requirements of Penn-Baso gas controls and 
ignition s}'stems. 

Transformers for use with Penn motor actuators, ActrolfH 
staging and other low voltage control circuits are 
described in Bulletin 3742. Bulletin 3740 describes tl)e 
Penn-Baso igniter transformers. 


FEATURES 

— Transformers deliver 25 volts minimum at their VA. 
ratings at 100% power factor. 

— Choice of primary voltages to meet power require- 
ments. 

— Plate, foot or conduit hub mounting models available. 

— Choice of terminal board or lead ■wire connections. 
, — Two or three terminal secondary as selected. 

— Color coded lead wires for simplicity and standard- 
ization. 


GENERAL DESCRIPTION 

Baso transformers are high quality devices that provide 
rated secondary output under rated load. 

Secondary voltage of 25 volts. Transformers may be used 
on 50 or <30 Hz. power supply. 

Series Y6l and Y<52 are NEC Cl.iss 2 energ) limiting. 
Series Y63 is NEC Class 2 internally fuse protected. 



Fig 1 ~Y6IAA*J plcLc mount' Fig. 2 — The foot mounted 

cd 20 VA tremsformof i5 illos- Y61A02 is iHustrated. Note 

trcited above Note the three addition of the concud hub 
secondary terminals 

MISCELLANEOUS SPECIFICATIONS 

Open Circuit Voltoge {No Load): Y(>1, 27.5; Y62, 29.5: 

Y63. 27.5. 

Finish: Cold drawn steel end bells, frame, feet and plate, 
zinc plated with dichromate dip; 

laminations: ioft Silicon iron with edges painted black. 
Identification: Stamped on laminations, foot or hub 
mounted models. Stamped on plate of plate mounted 
models. 

Minim'uni Ambient Temperature: — lO F ( — lO" C ). 

Packaging: Bulk pack supplied to OEM’s, individual 
reshippable p.ickagc supplied at extra cost. 



QuIa Pock 

Approx. 

Number 

Qiy. 

Wf 

Lhr da) 

YAl Plolc 

36 

60 

5 .27 2 ) 

Y61 Fnol 

« T] 

.51 

.24 5) 

Y62 Plnio 


76 

.54 2) 

Y62 Foet 

30 

r~ 49 

•22) 

Y63 Plrlo 

12 

30 

il3 5) 

Y63 Hab 

32 

66 

•29 7) 


PRODUCT NUMBER SELECTION CHART 



Primary 

Secondory 

— 

Dimensions 
(See Figure) 

Number 

Voltage 

Electrical 

Connection 

Voltage 

Electricc! 

Connection 

Mounting 


20 VA. CAPACITY TRANSFORMERS 


Y61AA4J 

120 

8" B A W Lccd Wires 

25 

3 Terminois 

4*' X 4" Plate 

i 3 

Y61AB-3 

120 

8" B A W Uod Wires 

25 

2 Terminals 

X 4 *' Plote 

]_ -> 


Y61AC-2 

120 

8" B & W lead Wires 

25 

2 Termtnofs i 

foot, NPS Mole Hob 

i ^ 

' Y61AE-2 

120 

10" B A W Leod Wires 

25 

3 TeriTiinnls { 

Foot 

1 6 



Y6IAF-2 

120 

1 8" 3 A W lead Wirej 

1 25 

2 Terniinols 

'•,".14 NPS Male Hob 

7 

Y61 BF-2 

240 

1 8" S A Y leod Wires 

25 

2 Terrrmols 

NPS Male Hub 

7 

TH Trodemerk of Penn Controls 
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CODE 20234 

7933649 


1.0 INTRODUCTION 

•This performance specification establishes the requirements for the design and 
performance of the solar heating and domestic hot water system utilizing air 
collectors and a forced air (central) heating auxiliary energy subsystem. It 
designates the Performance Criteria applicable to this type system and defines 
the deviations. The appendices specify the system performance for the defined 
site location and system size, the installation drawings, and the detailed con- 
figuration diagrams and drawings. 

2.0 APPLICABLE DOCUMENTS . 

The following documents form a part of this specification to the extent specified 
herein. Specific document reference made in subsequent paragraphs shall be by 
basic title or reference number only. 

2.1 Government Documents 

Interim Performance Criteria for Solar Heating and Combined Heating/Cooling 
Systems and Dwellings, January 1, 1976, U. S. Department of Housing and Urban 
Development. 

Intermediate Minimum Property Standards for Solar Heating and Domestic Hot 
Water Systems,' April , 1976, NBSIR 76-1059, U. S. Department of Housing and 
Urban Development. 

SIMS Contract Statement of Work, NAS8-32036, April 4, 1976 (with current 
modifications). 

2.2 IBM Documents 

The following documents are referenced for information only: 


System Four Design Description Drawing, 7934983 
Remote Solar Assembly Drawing, 7934940 
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3.0 APPLICATION OF INTERIM PERFORMANCE CRITERIA BY TYPE OF SYSTEM 

The application of each paragraph .of the Interim Performance Criteria (IPC) to 
this type of system is provided in Table I. Since this system provides solar 
heating and domestic hot water, system type "H" designates the IPC application 
to .this system. 

4.0 DEVIATION FROM INTERIM PERFORMANCE CRITERIA 


The' IPC deviations identified by subsystem evaluation are listed in the following 
paragraph. 


4.1 Deviations to Residential IPC 

The collector subsystem evaluation has identified several areas of non-conformance 
as tabulated below. No. vendor analysis or test data was available to substantiate 
that these requirements can be met. 


Paragraph Description 

3.3.1 Resistance to damage 


5.1.1 


Solar degradation 


5.2.1 


Thermal degradation 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17 
15 
13 
20 
21 
22 
23 
74 
26 
26 

27 

28 

29 

30 

31 

32 

33 

34 
33 
3 $ 
37 
33 
39 
4C 


4.2 Deviations to Commercial IPC 
Not applicable. 


42 

43 

44 

45 

46 

47 


49 

50 

51 
S3 
53 
64 
56 

56 

57 

58 

59 
£0 
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7933649 


TABLE I 


RESIDENTIAL SYSTEMS , INTERIM PERFORMANCE CRITERIA SUMMARY 

Sheet _1 of 

APPLICATION 


TYPE SYSTEMS 


A - APPLICABLE TO SYSTEMS 

INDICATED 

H - HEATING 


- APPLICABLE TO SYSTEM AND BUILDING HC HEATING AND COOLING 

NA - NOT APPLICABLE 


HW - HOT WATER ONLY 

- 

RESIDENTIAL INTERIM 

TYPE 

RESIDENTIAL INTERIM 

TYPE 

PERFORMANCE CRITERIA 

SYSTEM. 

PERFORMANCE CRITERIA 

SYSTEM.- 

PARAGRAPH 

H 

PARAGRAPH 

H 


1.1 H and HC System 
Performance 

1.1.1 Heating Design 
Temperatures 

* a 

1.1.2 Cooling Desfign 
Temperatures 

1.1.3 Relative Humid- 
ity and Water Vapor Pressure 

1.1.4 Solar Contribution 

1.1.5 Operation 
Impairment 

1,2 HW System ■ 

Subsystem Performance 

1.2.1 Water Design 
Temperature 

1.2.2 Storage Design 
Capacity 

1.2.3 Solar Contribution 

1.2.4 Operational 
Impairment 


1.3 Collector Performance 


1.3.1 

Collector Efficiency 

,1.4 

Thermal Storage 

• 1.4,1 
Rate 

Storage Capacity and 

1.5 

Habitability of 

Occupied Spaces 

1.5.1 

Heat or Humidity 

Transfer Effects 

1.6 

Energy Transport- 

Efficiency 

l.'6.1 

Thermal Losses and 

Electrical Power 

' 1.7 

Control 

1.7.1 

Installation and 

Maintenance 

1.7.2 

Manual Adjustment 

1.7.3 

Inhabited Space 

Temperature 

1.7.4 

ture 

Hot Water Temperar 

1.8 

Auxiliary Energy 

1.8.1 

Design Loads 
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. TABLE I (COKTIKUZB) 


RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITEP.IA SUGARY. 
* ” ' ' Sheet ^ 


APPLICATION 


TYPE SYSTEMS 


A - APPLICABLE TO SYSTEMS INDICATED 
I - APPLICABLE TO SYSTEM AND BUILDING 
■NA - NOT APPLICABLE 


H - HEATING 

HC - HEATING AND COOLING 

HW.- HOT WATER ONLY . 


RESIDENTIAL INTERIM 
PERFORMANCE CRITERIA 
PAilAGRAPH 


Tf?E RESIDENTIAL INTERIM 

SYSTEM. PERFORMANCE CRITERIA 

H PARAGRAPH 


TYPE 

SYSTEM 


2.1 System. Design 
Conditions 

2.1.1 Equipment Capabilities 

2.1.2 Noise or Erosion- 
Corrosion 


2.3 Leakage Prevention 

2.3.1 Pressure Test 
Nonpo table Fluids 

2.3.2 Pressure Test: 
Potable Water 


2.1.3 Operating Conditions 

2.1.4 Fluid Flow in 
Collectors 

2.1.5 Entrapped Air 

2.1.6 Thermal Expansion 
of Fluids 

2.-1. 7 Pressure Drops 
2.1.8 Condensate Removal 
2.2 Mechanical Stresses 

2.2.1 Vibration Stress 
Levels 

2.2.2 Vibration -from Moving 
Parts 

2.2.3 Water Hammer 


2.3.3 Air Transport 
Systems 

2.4 Collector Adjust- 
ment — 

2.4.1 Orientation and Tilt 

2.4.2 Mutual Shadowing 

‘2.5 Subsystem Isolation 

2.5.1 Shutdown in Multi- 
family Housing 

2.6 Heat Transfer Fluid 
Quality 

2.6.1 Liqaid Quality 

2.6.2 Air Quality . 

2.6.3 Fluid Oualitv 


2.2.4 Vacuum Relief. 
Protection 

2.2.5 Thermal Changes 

2.2.6 Flexible Joints 



2.6.4 Freezing Protection 

2.7 Piping Supports 

2.7.1 Applicable Plumbing 
Standards 


A 
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TABLE I (COKTINUED) 


7933649 


RESIDENTIAL SYSTEMS, INTERIM 

PERFORMANCE CRITERIA SUMMARY 




Sheet 3 of 7 | 

APPLICATION 


TYPE SYSTEMS 


A - APPLICABLE TO SYSTEMS INDICATED 

H - HEATING 


I - APPLICABLE TO SYSTEM AND BUILDING HC - HEATING AND COOLING 

NA - NOT APPLICABLE 


HW - HOT WATER ONLY 


RESIDENTIAL INTERIM ' , 

‘TYPE 

RESIDENTIAL INTERIM 

TYPE 

PERPOSMANCE CRITERIA 

SYSTEM. 

PERFORMANCE CRITERIA 

SYSTEM.. 

PARAGRAPH 

H 

PARAGRAPH ■ 

H 

2.8 Excessive Pressure 

A 

3.5.1 Design Provisions 

I 

and Temperature Protection 






3.6 . Creep and Residual 

I 

2.8.1 Relief Valves and 

A 

Deflection 


Vents 






3.6,1 Deflection Llmita- 

I 

3.1 Structural Design 

A 

tions 


Basis 






3.7' Hail Resistance 

A 

3.1.1 Applicatle Standards 

A 





3.7.1 Hail Size and 

A 

3.1.2 Service Loads 

A 

Loading 


3.2 Failure Loads and'. 

A 

3.8 Constraint Loads 

A 

Load Capacity 


' 




3,8.1 . Foundation Settle- 

A 

3.2.1 Ultimate Load 

A 

ment 


Combinations 






3.8.2 Constrain Loads 

A 

3.2,2 Ice Loads 

A 





3.9 Ponding Condition 

A 

3. '2. 3 Vehicular Loads- 

I 





3.9.1 Design Provisions 

A 

3.2.4 Load Capacity 

A 





4.1 . Plumbing and 

A 

3 . 3 Damage Control 

A 

Electrical Installation 


3.3.1 Resistance to Damage 

A 

4.1,1 Plumbing Codes 

A 

3.3.2 Glazing Design 

A 

4.1.2 Electrical Codes 

A 

3.4 Cyclic Loads 

A 

4.2 Fail-Safe Controls 

A 

3.4.1 Deflection Limitations 

A 

4.2.1 System Failure 

A 



Prevention 


3.5 Cutting of Structural 

I 



Elements 


4,2.2 Automatic Pressure 

A 



Relief Valves 
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TABLE I (CCCTINCJED) 


RESIDENTIAL SYSTEMS, IKTERCI PERFOEMANCE CRITERIA SUMMARY 

. Sheet 4 of 7' 


APPLICATION 


TYPE SYSTEMS 


A - APPLICABLE TO SYSTEMS INDICATED 
I - APPLICABLE TO SYSTEM AND BUILDING 
NA - NOT APPLICABLE 


H - HEATING 

HC - HEATING AND COOLING 
HW - HOT WATER ONLY 


RESIDENTIAL INTERIM 
PERFORliANCE CRITERIA 
PARAGRAPH 


4.3 Fire Safety 

4.3.1 Applicable Fire 
Standards 

4.3.2 P cne trations through 
Fire Rated Assemblies 

4.4 Toxic 

4.4.1 Provisions of Catch 
Basins 

4.4.2 Detection of- Toxic and 
Flammable Fluids 

4.5 Safety 

4.5.1 Emergency Egress 
and Access 

4.5.2 Identification and 
Location of Controls 

4.6 Protection and Potable 
Water and Circulated Air 

4.6.1 Contamination by . 
Materials 

4-6.2 Separation of 
Circulation Loops 

4.6.3 Backflow Prevention 

4.6.4 Growth of Fungi 


TYPE 

SYSTEM' 


H 






RESIDENTIAL INTERIM 
PERFORMANCE CRITERIA 
PARAGRAPH 


4.7 Excessive Surface 
Temperatures 

4.7.1 Protection from. 
Heated Components 

5.1 Effects of External 
Environment ■ 

5.1.1 Solar Degradation 

5.1.2 Soil Corrosion 

5.1.3 Airborne Pollutants 

5.1.4 Dirt Retention 
on Cover Plate Surface 

5.1.5 Abrasive Wear 

5.1.6 Fluttering by W’ind 

5.2 Temperature and 
Pressure Resistance 

5.2.1 Thermal Degradation 

5.2.2 Deterioration of 
Heat Transfer Fluids 

5.2.3 Thermal Cycling 

Stresses 

5.2.4 Leakage 

5.2.5 Deterioration of 
'Gaskets and Sealants 


TYPE 

SYSTEM 


a 
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RESIDEKTIAL SYSTEMS, IKTERm PERFORMANCE CRITERIA; SUMMARY • 

Sheet 5 of 7 



APPLICATION 


TYPE SYSTEMS 


A - APPLICABLE TO SYSTEMS INDICATED 
I - APPLICABLE TO SYSTEM AND BUILDING 
KA - NOT APPLICABLE 


H - - HEATING' , 

HC - HEATING AND COOLING 
HW - HOT WATER ONLY 


RESIDENTIAL INTERIM 
PERFORMANCE CRITERIA 
PARAGRAPH 


TYPE RESIDENTIAL INTERIM 

SYSTEM. PERFORMANCE CRITERIA 

H PARAGRAPH 


type 

SYSTEM. 


H 


'5.2.6 Transmission Losses 
Due to Outgassing 

5.3 Chemical and Compati- 
bility of Components 

5.3.1 Materials /Transfer 
Fluid Compatibility 


6.1.5 Filters . 

6.1.6 Potable 'Water 
Shutoff 

6.2 Installation,' 
Operation and Mainte- 
nance Manual 


5.3.2 -Corrosion of 
Dissimilar ' Mat erials 


6.2.1 Installation 
Instructions 


5.3.3 Corrosion by 
Leachable Substnace, 

5.3.4 Effects of Decom- 
position Products 

! 

5.4 Components Involving 
Moving Parts 

5,4',1 Wear and Fatigue 

6.1 Accessibility for 
Maintenance 

6.1.1 Access for System 
Maintenance 

6.1.2 Access for System 
Itonitoring 

6.1.3 Draining and 
Filling of Liquids 

6.1.4 Flushing of Liquids 
Subsystems 


6.2.2 Maintenance and 
Operation Instructions 

6.2.3 Maintenance Plan 

6.2.4 Replacement Parts 

6.3 Repair and Service 
Personnel 

6.3.1' Maintenance of H 
and HC Systems 

6.3.2 Maintenance of DHW 
System' 

7.1 Design 

7.1.1 Dwelling Design 

7.1.2 Mobile Home Design 

7.1.3 Site Design 

7.1.4- Passive Use of 
Solar Energy 




53 















COo=. 2'J23A 




TABLE I (CO^'TOiTJED) 


7933649 


• RESIDENTIAL SYSTEMS, INTERIM PERFORMA-NCE CRITERLA SLT-5MARY 

Sheet _6 of 1 _ 

APPLICATION type SYSTEMS 


A - APPLICABLE TO SYSTEMS DBICATED K - KEATING 

I - APPLICABLE .TO SYSTEM AND BUILDING HC - HEATING AND COOLING 

NA - NOT APPLICABLE HW - HOT WATER ONLY 


RESIDENTIAL INTERIM 
PERFORMANCE CRITERIA 
PARAGRAPH ‘ 

TYPE 

SYSTEM 

RESIDENTIAL INTERIM 
PERFORMANCE CRITERIA 
PAPJlGRAPH 
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SYSTEM. 

H 

H 

7.2 

i 

Adequate Space 

I 

8.3 Mechanical and 
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Electrical Functioning 


7.2.1 

Collector Area i 

I 

of Connections 


7.2.2 

Storage Area 

. I 

8.3.1 Plumbing 
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Connections 


7.2.3 

Utility Chases , 
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8.3.2 Electrical 

I 
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• 9.1 Structures 
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S.1.1 Movement in . 
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Impact on Environment 
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-9.2 Structural 
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Integrity of Dvaliing 
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View 
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9.2.1 Leads 

I 

8.1 

Interference with 

I 
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Mechanical Operation 


9.2.2 Penetration of 

I 




Structural Members 


8.1.1 

Blockage of Solar 
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Subsystem 


9.3 Structural 
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Connections 
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Shading cf Collector 
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9.3.1 Structural 
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Sensor Location 
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Exhaust and Venting 
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Stiffness 
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10.1 • Safety of IVeili 

and Site 
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KA - NOT APPLICABLE 


RESIDENTIAL INTERIM 
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10.1.1 Fire 

10.1.2 Accidents' 

11.1 Durability 

11.1.1 Vegetation , 

11.2 Durability and 
Reliability ‘of Dwelling 
and Site 

11.2.1 Chemical Corrosion 

11.2.2 Heat and Moisture 

11.2.3 Exterior Penetra- 
tions 

11.3 Durability and 
Reliability of Connections 

11 . 3 . 1 Material Compatibility 

12.1 Maintainability of H, 
HC, HW Systems 

12.1.1 Accessibility 

12 . 1.2 iHsxise 

12.1.3 Permanent Maintenance' 
Accessories 

12 . 2 Maintainability of 
Dwelling and Site 
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H' - HEATING 

HC - HEATING AND COOLING 

HW - HOT WATER ONLY ‘ 


RESIDENTIAL INTERIM 
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PARAGRAPH 


12.2.1 Accessibility 
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12.3 Connections 
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13.1.1 Dwelling- 

13.1.2 Neighborhood . 
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SYSTEM 
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5.0 GOVERNMENT FURNISHED PROPERTY 

The following items shall be provided by the government: 

A 

V 

(.1) Collector subsystem: SOLARON 2001 Air Collectors and 
Installation Hardware 

(2) Control subsystem: Solar Control Corp., Model 77-171, Controllers 
6-0 GOVERNMENT DIRECTED REQUIREMENTS 

The following requirements are specified in NAS8-32036 and by verbal direction 
from the contract officer: 

(a) IBM shall deliver one system for the following application: 


0 Single Family Residence 

0 . Solar Space Heating and Domestic Hot Water 

0 Direct Air System (Air Collector) 

0 Forced Air (Central) Heating- Auxil iary 

(b) All hardware and subsystems, except collectors and controllers, 
shall be purchased by IBM to good commercial- practices as off- 
the-shelf hardware. 

(c) The solar hardware, including collector subsystem, storage sub- 
system, air transport system, DHW preheat tank, and control subsystem 
shall be assembled together to form a complete stand-alone remote 
solar assembly. 

(d) The remote solar assembly shall ^be a modular design such that 
collector and pebble bed size can be varied. 
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(e) The system including the remote solar assembly shall be sized and 
fabricated for a small single family dwelling in the Jackson, 
Mississippi area such that a solar capability of approximately 
50% can be achieved for the combined heating- and hot water load. 

7.0 GEOGRAPHICAL AREA 

This heating and hot water systan is designed for a single family residence 
located in the United States. Areas of application include all regions of the 
U. S. except the extreme north, and regions. with low heating degree days, such 
as Southern California and Florida. The Remote Solar Assembly, 7934940-2, that . 
will be delivered is intended for the Jackson, Mississippi area. The Remote 
Solar Assemblies 7934940-1 and 7934940-2 are documented and permit a modular 
size variation for solar heating capability. These three assemblies contain 
135, 203 and 271 square feet of collector area. Although a larger size is, 
not documented, 339 and 407 square feet collector sizes could be obtained by 
selecting additional structure and storage modules without changing duct or 
blower sizes. 
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Appendix At 

Performance Specification for Clinton, Mississippi 


A?-0 SYSTEM IDENTIFICATION 


This appendix defines the system performance prediction for SIMS Prototype 
Heating and Hot Water System, Model Number 4, as installed at the designated 
site in Clinton, Mississippi. The design daily average horizontal insolation 
(typical winter mean) is 1140 BTU/ft and the typical annual heating degree 
day (°F winter mean) is 2300. The system solar hardware configuration for this 
site is defined by assembly drawing 7934940-2. Two hot water tanks each with 
a 30 gallon volume and each containing 4.5 kilowatt heater elements will be 
contained in the hot water system. Auxiliary space heat will be provided by 
a 15 kilowatt duct heater. 

Al-1 SYSTEM PERFORMANCE SHEETS 


Space Heating Capacity 


The system will provide solar energy for 35 percent of the total space heating 
load during the heating season based on an. average annual heating load of 30.69 MM 
BTU and a peak space heating load of 30,600 BTU/Hr. 

Cooling Capacity 

The system will provide solar energy for N/A percent of the average total 
cooling during the cooling season, based on an average total cooling load 
of N/A BTU/month and a peak cooling load of N/A BTU/Hr. 
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Auxiliary Energy 

The average annual rate of auxiliary energy supplied to the heating and 
hot water load shall be- no greater than 30.89 MM BTU. This shall be no 
greater than 51.8 percent of the total energy required for heating and hot 
water. The average rate of auxiliary energy used for cooling during the 
cooling season shall be no greater than N/A BTU/Month . This shall be no 
greater than N/A percent of the total energy required for cooling. . 

Hot Water 


One hundred gallons of potable (or usable) hot water shall be delivered at 
no less- than 1.7 gal/min at temperature no less than 140°F. Recovery time 
shall be no greater than 1.5 hours. The average hot water heating load 
will be 2.41 MM BTU/Month of which 37 percent is provided by auxiliary 
energy. 

Operating Requirements 

The maximum electrical energy required to drive the solar portion of the system 
at its rated capacity shall be no greater than 0.6 K.W. The maximum electrical 
energy required to drive the complete system shall be no greater than 25V5 K.W. 
The average yearly electrical energy required to drive the system' shall be no 
greater than 10,720 K.W.H. Water requirements for cooling condensers and/or air 
humidification shall be no greater than N/A gal /hr. 
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AJ-2 Physical Data 


The following subsystems, shaTl have: 



P 

c* 


Design life no 
less than 

Weight (filled) 
no greater than 

Installation 
dimensions ' 

t 

Heating 

20 years 

N/A lbs 

N/A 

1 E 
1' 
1.- 

Cooling 

N/A years 

N/A lbs 

N/A 

15 

2i 

21 

Auxiliary Energy 

20 years 

75 lbs 

Note 1 

2: 
2 3 
24 

Storage 

20 years 

11,000 lbs 

Note 2 

25 

26 
27 

Potable Water 

10 years 

1600 lbs 

Note 1 & 2 

25 

29 

30 

Collector 

20 years 

2000 lbs 

Note 2 

31 

32 
3J 

Energy Transport 

20 years 

900 lbs 

Note 1 & 2 

34 

o5 

36 

Controls 

20 years 

40 lbs 

Note 1 & 2 

37 

38 

<ia 


40 

41 
4 ? 
4 ^ 

44 
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Note 1: See Installation Drawings 

Note 2; See Remote Solar Assembly Drawing 7934940 
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System Documentation 


System 4 design is documented in the following documents; 


Title 


Reference No. 


Design Description Drawing 
Remote Solar Assembly Drawing 
Design Data Brochure 


7934983 

7934940 

DOE /NASA CR- 150759 


61 


61 



OWQ NO. 


Ji 

REVISIONS 


CHK {ENGRQ NOTICEI LTR 


DESCRIPTION 


DATE 


APPROVED 


Date; 13 May 1977 

CDRL Item Numbers - 2a 
- 13 


Revised: 
Revised : 


22 February 1978 
8 July 1978 


N- 


cwri NO. 


NAS 8-32036 


nIfNAjUTJ 


•SCN Cm 


MG CM 




P»M VrtOVAL 




INTERNATIONAL BUSINESS MACHINES CORP! 

FEDERAL SYSTEMS DIVISION 
HUNTSVILLE. ALA. 35807 

TITLE 

Verification Plan/Procedure for 
Prototype Solar Energy Heating and 
Hot Water System Model No. 4 

SIZE 

k 

CODE lOENT NO. 

OWG NO. 

7933648 


SCALE 


WT 


SHEET 


1 of 25 


1 


62 - 








CODE 20234 


IBM 


] 

7933643 s 


1. PURPOSE 

1.1 The purpose of this document is to present the plan/procedure for verifying 
the requirements of Performance Specification for prototype solar energy heating and 
hot water system model No. 4. 

2. SCOPE 

2.1 This dociiment describes the plan/procedure for perfoinning prototype systems 
verification and includes development, qualification, and acceptance verification. 
Requirements for analysis verification and/or test verification are included in this 
plan/procedure. 

3. APPLICABLE DOCUMENTS 

3.1 The following documents form a part of this plan to, the extent specified 
herein: 

• Interim Performance Criteria for Solar Heating and Combined Heating/ 

M / 

Cooling Systems and Dwellings, HUD,- January 1, 1975 

a Performance Specification for Prototype Heating and Hot Water System 
Model No. 4. 

• System 4 Design Description -Drawing 
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4. VERIPICATION APPROACH 


4.1 Prototype system verification to the requirements of the system performance 
specification and interim performance criteria will be accomplished in three verifica- 
tion categories - development, qualification, and acceptance. The verification methods 
utilized for system. verification will be similarity, analysis, inspection, demonstra- 
tion and test as required. 


Prototype system verification will commence .with a detailed analysis of all system 
hardware, components, and. subsystems and progress through system. evaluation and 
testing. Figure I of this plan depicts a summary flow for syst^ verification. 


63 


CODE 20234 


mu 

'tt 

7933648 


A detailed system test procedure for performing the test requirments of, this docu- 
ment will be prepared. This procedure will describe the methods and procedures for. 
conducting prototype system test on the MSFC system test breadboard facility. 

Following completion of verification program, final system verification .documen- 
■ tation will be prepared and submitted to MSFC. This will contain all information 
pertinent to system verification. 

5. DEVELOPMENT VERIFICATION REQUIREMENTS 
» 

5.1 Hardware/Component/Subsystem Verification ~ All hardware, components and 
subsystems that comprise the prototype system shall be Verified to be in accordance 
with the requirements of the prototype system performance specification and the 
interim performance criteria. Verification of hardware, components, and subsystems 
will be accomplished by engineering analysis, similarity, inspection, demonstration 
and/or testing methods. 

Subsystem test evaluation will be conducted on the system collectors. All other 
prototype system subsystems, hardware and components will be verified individually 
by analysis and/or during prototype system verification. 


5.2 System Development Verification - Development verification will be con- 
ducted on prototype system M/N 4 to ensure that system will perform to the require- 
ments of the system performance specification and interim performance criteria. 
Development- verification will consist of the following; 

• Analysis of hardware, component, and subsystem evaluation data for com- 
pliance to system performance specification and interim performance cri- 
teria requirements. 

• Analysis of system design for compliance to system performance specifi- 
cation and interim performance criteria requirements. 
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• System testing on MSFC System Test Breadboard Facility. Tests 
to be conducted are as follows: 

- System operational functional test 

- System capacity for control, energy collection, storage, 
and distribution to load at outside ambient weather con- 
ditions and with simulated load conditions. 

5.2.1 System Operational Functional Test - System operational functional 
testing shall be performed on prototype system M/N4 to verify proper operation 
of. the system. 

5. 2. 1.1 System Checkout and Adjustment ; Prior to beginning verification 
testing, the system shall be checked out to insure that wiring is assembled cor- 
rectly and controls will work as required per System 4 Design Description , Drawing 
7934983. 

Blower speed and balancing damper adjustments shall be made to obtain air 
flow in accordance with System 4 Design Description Drawing, 7934983. 

Limit switches operating ranges and dead band shall be adjusted in accord- 
ance with System 4 Design Description Drawing, 7934983. 

5. 2. 1.2 Collector Loop Control Evaluation ~ The performance of the collector 
loop controls shall be evaluated during available -solar radiation periods. 

Collector Loop Blower On-Off Control - The performance of the collector thermo- 
switch shall be evaluated by continuously monitoring -(1) collector absorber tempera- 
ture near the switch and (2) air outlet temperature from collector in which the 
switch is located. A plot of absorber and air temperature versus time shall be 
generated to evaluate control at start-up and shut-down. The thermoswitch opening 
and closing event times shall also be marked on these plots. 
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Storage Temperature High Limit Control - The tep.perature of storage at the 
location of the Storage Temperature High Limit Switch (bottom of storage) shall 
be monitored to establish, a reference. The temperature at which the collector 
loop blower is interrupted and then initiated by the Storage Temperature High 
Limit Switch shall be measured' and recorded. 

Preheat Tank High Limit S^jitch - The temperature of wacer in the top of the 
preheat tank shall be monitored to establish a reference. The temperature at which 
the collector blower operation is terminated and then initiated by the Preheat Tank 
High Limit Switch shall be measured and recorded. 

I 

5. 2. 1.3 Load Loop Control Evaluation - The performance of the load loop con- 
trol shall be evaluated during available solar radiation periods. The demand for 
heat shall be introduced by ‘applying 24 VAC to the Load Loop Blower Relay coll and 
Storage Temperature to Limit Switch in series. 

• Storage Temperature Lo Limit Control - The temperature of storage at -the 
location of the Storage Temperature Lo Limit Switch (top of storage) shall be 
monitored to establish a reference. The temperature at which the first stage 
Room Thermostat Control would be interrupted and then initiated by the Storage 
Temperature to Limit Switch shall be measured and recorded. 

Freeze Protection Bleeder Valve - Water at 34°F from the thermal simulator 
shall be Introduced into the thermosyphon loop at the tee at the outlet of the pre- 
heat tank. The temperature measurement normally, at this point, shall be tempo- 
rarily removed so that the cold water can be introduced into the line. Water 
shall be caused to drain at 2 gpm through the heat exchanger by drawing water from 
the line that goes to the domestic hot water tank. As the water temperature begins 
to drop in the heat exchanger, the flow rate from the bleed line (pressure drain) 
and water pressure in the water system shall be measured and recorded. A plot of 
flow rate in gpm versus temperature of the heat exchanger shall be generated. An 
alternate approach to this test is to perform a component test. The heat exchanger 
and thermal bleeder valve shall be set up on a bench and insulated in a similar 
manner to a System 4 installation. 


5.2.2 System Operational Functional Test Procedure - Test procedures for con- 
ducting system operational' function tests will be prepared. These procedures will 
describe the detailed test methods, instarumentation and all other procedural infor- 
mation pertinent to system operational functional testing. 
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5.2.3 System Verification Tests - System performance shall be evaluated 
during available solar radiation periods. Domestic water supply to preheat tank 
shall be at normal tap water supply temperatures; however, the temperature of 
water from beginning to end of draw shall be as uniform as possible. Temperature, 
flow and ’ insolation measurements shall be made at 2-mlnute Intervals throughout 
the tests. Test measurements shall be as described in Appendix B. 

5.2. 3.1 Domestic Hot Water Heating - The performance of the domestic 
hot water heating system shall be evaluated during good solar insolation days. 

The thermal loads shall consist of draining hot water and replacing with tap 
water as follows; 

Load A ~ 52 gallons just prior to collector blower turn on. 

Load B - 12 gallons at 10 AM, 12 Noon, 2 PM and 3 PM. , 

Load C - 10 gallons at 10 AM, 10 gallons at 12 Noon, 

20 gallons at 2 PM and 20 gallons, at 3:30 PM. 

The above loads shall be run starting early in a solar day with collector 
tum-on with a depleted rock storage, i.e., storage pumped down to a uniform 
70°F temperatures throughout the rock bin. The loads shall also be run starting 
with rock storage saturated, i.e., bottom of storage at 95°P. The high limit 
switch shall be jumpered to maintain collector blower operation in the saturated 
condition. 

5. 2. 3. 2 System Loads - Heat shall be collected during good solar days. 

Heating load shall be applied by controlling .the air temperature of the air input 
to the return air duct of the Remote Solar Assembly and dumping hot air from 
storage and air from the collector depending on the mode. of operation. Temperature, 
flow and Insolation measurements shall be made at 2-~minute intervals throughout the 
solar days.- Loads shall be applied to the system as follows; 

5. 2. 3. 2.1 No Load Storage - The rock bin shall be- depleted of heat by 
drawing air -through the bln at 70°F from a load simulator until stabilized. The 
test shall then be started at the beginning of a good solar day with collector 
turn-on. Heat shall be collected without load except losses, until the rock bin 
is saturated, i.e., bottom of storage is at 95°F, 
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5. 2. 3. 2. 2 Storage Pump-Po^TO - The rock bin shall be saturated by 
supplying heat until storage is saturated. The test shall then begin by 
circulating 70°F .air from the load simulator to the cold air return ducts 

of the Remote Solar Assembly and dumping heat from the hot air supply ducts of 
the Remote Solar Assemlby until storage is stabilized at 70°F. 

5. 2. 3. 2. 3 Modulated Load - The rock bin shall be depleted of heat by 
drawing air through the bin at 70°F from a load simulator until stabilized. 

The test shall then be started at the beginning of a good solar day with col- 
lector turn-on. Simultaneously, the load loop blower shall be turned on at 
30 -minute intervals and allowed to run for 20 minutes, i.e., on for 20 minutes, 
off for 10 minutes. Air shall be supplied to the cold air return duct of the 
Remote Simulator Assembly at 70°F from the load simulator and hot air shall be 
dumped out the. hot air supply duct of the Remote Solar Simulator. 

5. 2. 3. 3 Data Reqtiirements 

Domestic Hot Water Heating Tests - The following measurements shall be re- 
corded at the most frequent time interval capability of the test facility for 
subsequent review and processing. 

Preheat tank - water inlet and outlet temperature (°F) 

Heat exchanger - water inlet and outlet temperature (°F) 

Heat exchanger - air upstream and downstream temperatures (°F) 

Heat exchanger - air flow (SCFM) 

This data shall be processed and integrated to obtain the heat stored in the 

» 

preheat tank and the heat lost with the drained water, i.e,, / m A Tdt Btu/day 
(or test rtm duration) . 


Other measurements defined in Appendix B for the preheat tank/ thermo syphon loop 
shall be recorded at start of test runs, before and after water loading (water 
draws) , at start of test runs and prior to completion of test runs to provide 
information on preheat tank stratification, limit switch performance and quantity 
of heat removal from preheat tank. Thermal/elevation plots shall be prepared 
showing the temperature vs. elevation location in the thermosyphon 
loop (including preheat tank) . 
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Incident Radiation - The pyronometer j total radiation measurement, in the tilt 
plane of the collectors shall be recorded at the most frequent time Interval 
capability of the test facility for subsequent review and processing. This 
data shall be Integrated to obtain the available average daily insolation, 
i.e., / I dt Btu/day (or test run duration). 

System Loads - The following measurements shall be recorded at the most fre- 
quent time interval capability of the test facility for subsequent review and 
processing. 

Rock bed storage - air inlet and outlet temperatures (°F) 

Rock bed storage - air flow to storage (collector loop flow minus load 

loop flow) (SCFM) 

Collector- air inlet and outlet temperatures (°F) 

Collector - air flow in collector loop (SCFM) 

Load - air to load and from load temperatures (°F) 

Load - air flow to load (SCFM) • 

< 

This data shall be processed and integrated to determine the heat obtained from 
the collectors heat stored in the rock bed and heat delivered to load, i.e„ 

/ m C AT dt Btu/ day (or test run duration) . 

Other measurements defined in Appendix B for the collector* rock bed storage and 
load loop supply shall be recorded at start of test runs, hourly throughout test 
runs and at completion of ,test runs to provide information on collector absorber 
surface, blower control and limit switch operation. Temperature/distance plots shall 
be prepared showing the temperature vs. distance relationship in the 
rock storage bed. 

Blower power and air pressure measurements shall be made and recorded after 
the system specified flow rates are established. 
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5.3 System Development Verification Test Procedures - Test procedures for i 

conducting prototype system verification testing will be prepared. These pro- ^ 

3 

cedures will describe the hardware configuration for testing, detailed test < 

methods and procedures, sketches of test setup, test time, limits, data and re- ^ 

port requirements, and all other procedural information pertinent to test eval- ’’ 

uation program. * 

9 

10 

5.4 System Design Changes During Development Verification — Any design changes 
occurring during development verification will be verified by engineering analysis 

14 

15 

or test evaluation. Ample data will be provided for each design change to verify 

17 

that the resultant change meets performance criteria requirements and that the is 

resultant change has no adverse effects on. the total system performance. 

21 

22 

5.5 Development Verification Data - Test, data accumulated during the early 

stages of development testing will be thoroughly evaluated and assessments will be 2 < 

' 25 

performed on necessary system design changes. This will assure early design matur- 
ity of prototype. system M/N 4. . 

28 

22 

5.6 Development Verification Extent/Level - Development verification program 

31 

will be conducted to the extent necessary to verify that the final prototype system 32 

design meets' or exceeds the requirements of the system performance specification and 

34 

the interim performance criteria or that any requirement which has not been met has . ss 

. been properly dispositioned and MSEC approved by a deviation approval request. Any 

37 

■such deviation from the specified requirements will be documented in the final as 

verification documentation and will become a part of the prototype system per- 

• 40 

formance specification. 4i 

42 

43 

5.7 Additional Development Testing - Additional testing and evaluations other 44 

than those specified herein may be accomplished. Additional testing and evaluations 

will he coordinated with MSEC SIMS contracting officer or his designated representa- 17 

tive. Additional testing and evaluation will be properly controlled, documented and ■ 
reported. 50 

51 

52 

6. ■ QUALIFICATION VERIFICATION BEQUIBEMENTS/PROCEDURE =2 

• ' -4 

7 

6.1 Qualification Verification Requirements Requirements for qualification “ 

verification are as follows: 3 

73 
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Verification that the prototype system meets or exceeds the require- 
ments of system performance specification. These requirements are: 

Interim Performance Criteria Requirements 
Government Directed Requirements 

System Identification Requirement 
Site Identification Requirement 
System Heating Capacity Requirement 
Auxiliary Energy Requirement 
Hot Water Requirement 
Operating Requirements 

System Physical Requirements (Design Life, Weight, Dimensions) 

6.2 Qualification Verification Procedures - -Procedures for verification of 
each qualification verification requirement are contained in the following sub- 
paragraphs. 
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6.2.1 Interim Perfonnance Criteria Requirement - An analysis will be conducted 5 ; 

on prototype system M/H 4 to satisfy this requirement. Each interim performance ’’ 

criteria requirement will be analyzed individually and recorded on an interim per- : 

formance criteria certification form. This form will indicate compliance or non- 

3t. 

compliance to the requirement and will identify the evaluation method utilized to st 

satisfy the requirement. A sample copy of the interim performance criteria certifi- " 

S • 

cation form is contained in Appendix I of this document. The certification form 4 , 

when completed will become a part of the final verification report. 

. i V 

6.2.2 Government Directed Requirements - This requirement will be satisfied by 

an analysis of the directed requirement, prototype system and the system performance 4 
specification to verify that the directed requirements have been satisfied. ^ 


5l 

6.2.3 System Identification Requirement - This requirement will be satisfied 
by review of performance specification and the prototype system to verify that the 

6 

system is properly identified (type, contractor name, system model no.). c 

5C 

6.2.4 Site Identification- Requirement - This requirement will be satisfied by =- 

review of performance specification to verify that the site for the prototype system ' 

a *■ 

is properly identified and described. e. 
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6.2.5 System Heating Capacity Requirement - This requirement will be satisfied ^ 

5, / 6 

by an analysis of' the prototype system design and the climate conditions, anticipated' ' e 

for the selected site at which the prototype system will be located.' Test data ob- ’ 

tained during system development testing will be utilized to verify the design ? 

10 

models for the prototype system. 

■ ' 1 j 

6.2.6 Auxiliary- Energy Requirement - This requirement will be satisfied by an . ,, 

analysis of the -prototype system load .requirements and the prototype system auxiliary 

, ' . • » ‘ * I 1 

energy subsystem design. , . 

. * 1 ' 
' ‘ ’ . I' 

6. 2. '7 Hot Water Requirement - This requirement will be satisfied by an analy- 
sis of the prototype system design and the hot water load requirements specified for ‘ 

1 . 

the prototype system. Test data obtained during system development testing will be'- 2 

utilized to verify the design models for the hot water subsystem. ‘ 

6.2.8 Operating Requirements - This requirement will be satisfied by an. anal-' ^ 

ysis of the prototype system- design' and the system operating requirements (maximum ■ * 

power to drive system', average yearly electrical povrer, water requirements).. 'Test 

data obtained during system development testing will be utilized to verify the 
design. models for the prototype system. 

6.2.9 System Physical Requirements - This- requirement will be satisfied by an ' 

analysis of the prototype system design and the -system physical' requirements (design 
life,, weight, dimensions). •, 

6.3 Prototype System Qualification 

6.3.1 Qualification verification ^11 consist of an analysis of all 
changes Implemented during development verification. All test, analysis, 
and evaluation data originating during development verification will be, 
evaluated to the requirements of the prototype system performance speci- 
fication and interim performance criteria. 


72 



CODE 20234 


ft 

7933648 

6.3.2 The prototype system will be cDusidered qualification verified when it 
is detennined that the final system design and hardware has met or exceeded the 
requirements of the system performance specification and the interim performance' 
criteria or that any requirement which -has not been met has been properly disposi- 
tioned and HSFC approved by a deviation approval request.. 

6.3.3 The results of qualification verification will be documented and sub- 
mitted to MSFC. 

7. ACCEPTANCE VERIFICATION REQUIEEMENTS/PROCEDURE 

7.1 Acceptance verification will be conducted on prototype system M/N 4 to 
verify that the system meets all specified requirements. Acceptance verification 
will consist of the following. 

« . Inspection of system to verify performance specification and workmanship 
standards 

0 • Inspection of operational test data and evaluations to verify system 
performance 

e . Inspection of acceptance data package 

e Inspection of shipping list versus hardware to be delivered 

0 Inspection of shipping instructions and precautions 

o Inspection of documentation required for system (installation, operation, 
maintenance requirements, system drawings and specifications, etc., in 
accordance with prototype system performance specification and data 
package requirements) . 

7.2 The results of acceptance verification will be documented and submitted to 


MSFC 
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8 ... PROTOTYPE- SYSTEM VERIFICATION HARDWARE DISPOSITION 

Following the completion of prototype system development, qualification and 
acceptance verification program, the system hardware shall he removed from the 
MSFC breadboard facility. The assembled system, including all contained sub- 
systems shall be available for shipment to a designated demonstration site. 

Miscellaneous hardware used during system test will be retained at the MSFC bread- 
board facility for possible future utilization. 

9. PROTOTYPE SYSTEM VERIFICATION DOCUMENTATION 

9.1 Prototype System Test Procedure - Prototype system test procedure for 
prototype system M/N 4 will be generated utilizing the requirements of this docu- 
ment, prototype system performance specification, and drawings. Test procedure . 
will be prepared prior to the start of system verification testing. Test proce- 
dure shall contain at a minimum the following information. 

(a) Identification of hardware/ system to be verified (model number, serial 
number, manufacturer, size, description, etc.) 

(b) Test requirements 

(c) Development verification test aethods/procedures 

(d) Instrumentation and data requirements 

(e) Location of tests to be conducted 

(f) Test limits and tolerances 

(g) ■ Test equipment to be utilized ' 

(h) Detailed test setup and system configuration sketches 
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9.2 Verification Documentation - Final prototype system verification documen~ 
tation will be generated following completion of system verification and submitted to 
MSFC.' The verification documentation shall consist of the following: 

(a) Performance Test Report 

(b) Verification Status Summary 

(c) Design Data Brochure 

'9.2.1 Performance Test Report - Performance Test Report shall contain the 
following as a minimum: 

(a) System identification and description 

(b) Test objectives 

(c) Test description and procedure 

(d) Subsystem test results 

(e) System test results 

(f) Analysis of test data 

(g) System performance 

(h) Discussion of special tests 

(i) Significant observations and conclusions 
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9.2.2 Verification Status Suimary - Verification Status Summary shall con- 
tain the following as a minijnum: 

■(a) Verification requirements 

(b) Results of system interim performance criteria analysis and certifi- 
cation 

(c) Performance specification verification analysis 

(d) Acceptance verification analysis 

(e) Performance analysis summary 

,9.2.3 Design Data Brochure - Design Data Brochure shall contain the following 
verification documentation as a minimum: 

(a) System configuration description 

(b) System functional description 

(c) Identification of system components 

(d) Operating instructions 

(e) Maintenance requirements 

(f) Installation requirements 
10. VERIFICATION MATRIX 

Cross reference matrix for prototype system M/K 4 verification is contained 
in page no. 78. of this document. This matrix is applicable to system selected for 
physical testing. 
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PROTOTYPE SYSTEM MODEL A VERIFICATION 
APPROACH /FLOW 
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VERIFICATION CROSS REFERENCE MATRIX 
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ENGINEERIWG SPEC(}=1CATJ0N . 


ITEM (Name & Part NoJ 


Prototype System M/N 4 


VERIFICATION CROSS 
REFERENCE MATRIX 


VERIFICATION METHOD: 


1. Similarity 3. Impaction 


2. Analyjia 


N/N Not Applicable 


4. Test 


PERFORMANCE SPECIFICATION 
REQUIREMENT - 


VERIFICATION PHASE 


Qualificationl Acceptance 


REMARKS 


Interim Performance Criteria 

Government Directed 

Requirements 

* • 

System Identification 
Requirements 

Site Identification 
Requirement 

System Heating Requirement 
Auxiliary Energy Requirement 
Hot Water' Requi rement 
Operating Requirements 
System Physical Requi remarits 
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TEST MEASUREMENTS 
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System 4 Verification Test Measurements 


Temperature and flow measurements shall be made as follows: 

Preheat Subsystem 

Measurements shall be made in the preheat .subsystem as follows: 

(1) Five preheat tank surface temperature measurements shall be 
made along a longitudinal line where accessibility can be 
gained. One of these five measurements shall be as high on 
the tank as possible (top). One measurement shall be as low 
on the tank as possible (bottom). One measurement shall' be 
at the center of the tank. One measurement shall be on the 
tank midvvay between the top and center measurements. One 
measurement shall be on the tank midway between the bottom 
and center measurements, 

(2) One inlet and one outlet preheat tank water temperature shall 
be. installed in the thermosyphon loop through one leg of a tee 
in' the water lines. Sensors shall not protrude into the thermo- 
syphon loop v/ater flow path so as to restrict the flow. The tee 
shall be 3/4 inch female national pipe thread. 

(3) One inlet and one outlet heat exchanger water temperature measure- 
ments shall be installed through one leg of a tee in the water 
lines. Sensors shall not protrude into the thermosyphon loop 
water flow path so as to restrict the flow. The tee shall be 

3/4 inch female national pipe thread. 

(4) A water temperature probe shall be installed into each of the 
two heating element probe openings on the preheat tank. The 
heating elements shall be permanently removed and replaced by 
adapters to facilitate mounting the temperature sensors. The 
temperatures probes shall sense the temperature near the center 
of the tank. 
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(5) One inlet and one outlet preheat tank water temperature measure- 
ment shall be installed in the water supply loop through one leg 
of a tee in the water lines. The tee shall be 3/4 inch female' 
national pipe thread. 

(-6-)- 'One wafer supply flow measurements shall be installed in the 

preheat water supply line. Measurement shall be installed close 
to the supply line entrance- to the Remote. Solar Assembly wall. 


Collectors 


Inlet and outlet temperature measurements shall .be installed in the ducts. 

One sensor shall be in each of the two manifold ducts that enter and leave 
the collectors. One collector has five temperature sensors on its absorber. 
These measurements shall be monitored. The measurements are platinum resistance 
temperature sensors and they are located as follows: 

(1) No. 1 at geometric center. 

(2) No. 2 and 3 along longitudinal axis 2/3 the way out from the 
geometric center toward the edge of the collector. 

(3) No. 4 and 5 along the transverse axis 2/3 the way out from 
the geometric center toward the edge of the collector. 

A flow measurement shall be located in each of the two ducts that lead to 
the inlets to the collectors. One flow measurement shall be located_in the 
duct that leads to collector between the tee in the duct and the blower. 

Rock Storage 

The rock storage bin shall' be evaluated for channeling by measuring the 
temperatures at 8 points in each of three parallel planes as shown in 
Figure 1, The planes shall be established 4 inches down from the top rock 
surface, at center and 4 inches up from the bottom rock surface. Air inlet 
and outlet temperature measurements shall also be installed. One tempera- 
ture measurement shall be at the inlet and one measurement shall be at each 
of the two outlets. A flow measurement shall be installed in each of the 
two outlet ducts leaving storage. 
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other Measurements 


Ambient air temperature measurement shall be made to monitor the ambient air 
environment around the Remote Solar Assembly. 

Total incident radiant energy shall be measured in the tilt plane of the col- 
lectors. Blower and control damper motor power shall be measured. 

Pressure measurements shall be made around the collector and load air flow 
loops to determine the pressure differential delivered by the blowers and 
the pressure drops developed along' duct runs and acorss dampers and storage. 
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' System 4 Verification Test Measurements Summarv 


Collector 

Temperature 

Flow 

’ Insolation 

Pressure 

A'1r inlet 

2 

2 

■ - 

1 

Air outlet 

2 

1 

- 

1 . 

Absorber Surface 

5 

- 

- 

- 

Insolation 

- 

- 

1 

- 

At Collector Thermoswitch 

1 

- 

- 

- 

Storage 

Air inlet 

.1 

- 

- 

- 

Air outlet 

2 

2 

- 

- 

Rock Bed 

24 

- 

- 

2 

• At Storage High Limit Switch 

1 

- 

- 

- 

At Storage Low Limit Switch 

1 

- 

- 

- • 

Preheat Tank 
Thermosyphon Loop 
Preheat Tank Surface 

5 



- 

Water inlet 

1 

- 


- 

Water outlet 

1 

- 

- 

- 

Submerged in Tank (water) 

2 

- 

- 

- 

•At Preheat Tank Limit Switch 

1 

- 

- 

- 

Heat exchanger 

1 

1 

- 

- 

Water inlet 

1 

1 

- 

- 

Water outlet 

1 

- 


- 

Air inlet 

1 

- 

- 

- 

Air outlet 

1 

- 

- 

- 

Load Supply Loop 
Inlet 

1 

■ 1 



Outlet 

1 

- 

- 

- 

Ambient Temperature 

1 

- 

- 

- 

Blowers 0 rated flow (a^) 

P 

- 

- 

- 

2 

Control Damper motors 

- . 

- 

- 

- 
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1.0 PURPOSE 


1.1 The purpose of this document is to present a summary of the verification' 
status for Prototype Solar System No. 4. 

2.0 SCOPE ’ 

2.1 This document provides a summary of Prototype System No. 4 verification 
which includes verification of performance specification requirements and 
acceptance verification requirements. Requirements of the performance 
specification will be satisfied by analysis and test. 

3.0 VERIFICATION REQUIREMENTS . 

3.1 Performance Specification Requirements 

Prototype System No. 4 shall be in accordance with the requirements of 
Performance Specification (IBM Document No. 7933649)-. All requirements 
will be verified'by test or analysis. Requirements areas follows; 

0 Interim Performance Criteria Requirements. 

•' Government Directed Requirements 

«• System Identification Requirement 

.0 System Performance Requirement 

0 System Installation Description Requirement 

3.2 Acceptance Verification Requirements 

Prototype System No. 4- shall be in accordance' with the acceptance. veri- 
fication requirements IBM Document No. 7933648. Requirements are as 
'follows: 



# Inspection of system to verify performance specification 
and workmanship standards. 

• Inspection of acceptance data package 

Shipping and handling instructions 
Warranty and Test Agency Certification 
"Final Acceptance" and Shipping Form (DD250) including 
forms for all ship-separate items 

4.0 VERIFICATION SUMMARY 

4.1 Narrative Abstract - Prototype System No. 4 was subjected to test and 

analysis verification to verify the requirements of performance speci- 

r 

fication No. IBM 7933649. Verification was conducted in accordance 
with the requirements of IBM Document No. 7933648 (Verification 
Plan/Procedure for Prototype Solar Energy Hot Water System Model 
No. 4). Acceptance verification will be conducted during final accep- 
tance of Prototype System Model No. 4. 

Prototype System No. 4 meets all requirements of Performance Specifi- ’ 
cation No. 7933649 with the exception of interim performance criteria 

• I 

deviations on the system collectors. Deviations are identified in 
Appendix I of this document. 

Verification of Prototype System No. 4 will be considered completed with 
MSFC approval of deviation approval request for system- collectors and 
with the successful completion of acceptance verification to be conducted 
during final system acceptance. 

4.2 Verification Results 

4.2.1 Performance Specification Verification 
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4. 2. 1.1 Interim Performance Criteria - Prototype System No. 4 meets all 
interim performance criteria requirements with the exception of col- 
lectors. Deviations were required for the collectors. A deviation 
from these requirements is requested by IBM since the subject col- 
lectors are Government furnished to IBM. Detailed interim performance 
criteria evaluation is contained in Appendix I of this document. 

4. 2. 1.2 Government Directed Requirements - These requirements have been 
satisfied by review of performance specification requimients and systein 
design drawing. System 4 meets requirements. 

4. 2. 1.3 System Identification Requirement - Requirement has been satisfied, 
by identification of system in the performance specification (system type 
and system model number). System 4 meets requirements. 

4. 2. 1.4 Site Identification Requirement - Requirement has been satisfied by 
identification of the geographical areas which the design accommodates- as 
listed in the- performance specification. System 4 meets requirements. 

4. 2. 1.5 Hot Water Requirement - Requirement -has been satisfied by test and 
analysis of system design. System 4 meets requirements. 

4. 2. 1.6 Operating Requirements - Requirement has been satisfied by test and 
analysis of system design. System 4 meets requirements. 

4. 2. 1.7 System Physical Requirements - Requirement has been satisfied by 
analysis of system design. System 4 meets requirements. 

4.3 Acceptance Verification Requirements 

4.3.1 Inspection of System - This requirement will be satisfied during 
. "final acceptance of System 4. 

4.3.2 Inspection of Acceptance Data Package - This requirement wilT be 
satisfied during final acceptance qf System 4. 
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APPENDIX I 

PROTOTYPE SYSTEM NO. 4 
INTERIM PERFORMANCE CRITERIA EVALUATION 
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INTERIIVI PERFORMANCE CRITERIA , 
CERTIFICATION 


System 

System 

System 


Type Heating and Hot Water 

Model No. Prototype System 4 
Mfg. IBM 
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INTERIM _PE^ORm^CE__CRITERL\JVALUATION INSTRyCTIpN_S 


I. Evaluate system for each IPC requirement listed on IPC Certification 
Sheets. All requirements are to be in accordance with HUD. Interim 
Performance Criteria for Solar Heating and Combined Heating/Cooling 

s 

Systems and Dwellings. 

II. Check each requirement status 

Yes - Meets IPC requirement 

No - Does not meet IPC requirement 

N/A - Requirement not applicable 

III. List. IPC requirement evaluation method utilized 

Analysis 

Test 

Inspection 

Demonstration 

Other 

IV. All requirements which are not met shall be defined and recorded on 
IPC Deviation Report Form attached. 
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I PC REQUIREMENT 


Heating and Keating 
and Cooling Systea 
Perforaanca ' 


I PC 

MEETS 

, IPC 

[•i/A 

EVALUATION 

METHOD 

NO. ■ 

YES 

no 

1.1 

H 



Analysis 


COMMENTS 


Specific site.. Cooling 
portion N/A. 


Hot Water Systea _ • '1,2 X 

Subsystem Performance 


Test & 
Analysis 


Collector Performance 1.3 X 


Test & 
Analysis 


Thermal Storage 


1.4 ^ 


Test & 
Analysis 


Habitability of 
Occupied Space 


Design 

Review 


Energy Transport 
Efficiency 


Test & 
Analysis 


Control 


Test & 
Analysis 


Auxiliary Energy 


1.8 X 










I PC REQUIREiXENT 


IPC 

MO. YES fiO 



EVALUATION 

METHOD 


CCMMEfiTS 


Systea. Design 
Conditions 


Test and 
Analysis 


Condensate removal N/A 


Mechanical Stresses 


2.2 X 


Test and 
Analysis 


Leakage Prevention 


Collector Adjustment 2.4 X 


Test Applicable portions of 

system will be pressure 
tested during system in- 
stallation or during 
system performance test.. 

Analysis Fixed by assembly design. 


Subsystem Isolation 


Single family dwelling 


Heat Transfer Fluid 
Quality 


Desigi 

Reviei 


piping Supporta 


Design 

Review 


Excessive Pressure and 2,8 
Temperature Protection 


Design Pressure relief valve 

Review .installed in DHW preheat 

tank and in DHW tanks. 
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I PC REQUIREMENT 


Plumbing and Electrical 4.1 
Installation 


MEETS I PC 



EVALUATION 

METHOD 


COMMENTS 



Fail Safe Controls 


4.2 X 


Design 

Review 


Fire Safety 


4.3 X 


Design 

Review 


Toxic and Flammable 4.4 X 

Fluids 


Design No toxic of flammable 

Review fluids used 


Safety 


Design 

Review 


Protection of Potable 
Water and Circulated 
Air 


Design 

Review 


No toxic fluid used 


Excessive Surface 
Teaoeratures 


Design All heated surfaces 

Review insulated. No excessive 

temperatures possible. 


Effects of External 
Environment 


Test and Long term affects on 

Design collector not yet 

Analysis available 
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IPC REQUIREMENT 


Temperature and 
Pressure Resistance 

Transmission losses 
due to outgassing 



MEETS 

IPC 

YES 

no 


5.2 X ^ X 
5.2.6 X 



EMLUATIOfi 

METHOD 


CCMME.'iTS 


Test & ' Long term affects not 
Analysis . yet available 

Collector subjected to long 
term stall condition testing 


Chemical Compatibility j '5.3 
of ConiDonents' 


Design 

Analysis 


Components Involving 
Moving Parts 


Test & 
Design 
Review 


Accessibility for 
Maintenance 


Design 

Review 


Installation, Operaticn | 5.2 
and Maintenance Manual • 


Repair and Service 
Personnel 


Design 

Data 

Brochure 

Review 

Design 

Review 
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• 

B 



fl/A 

EVALUATION 

METHOD 


I PC REQUIREMENT 

YES 

NO 

: COMMEriTS 

Design 

7.1 



X 



Adequate Space 
/ 

7.2 

X 



Design 

Review 

Prepackaged solar system 
designed for adequate space 

for all solar components 

Functioning of 
Dwelling/ FAcility Site 

7.3 

X 

• 


Design 

Review 

Site dwelling is com- 
patible with prepackaged 
solar system installation. 

Interference with 
Mechanical Operation 

f 

8.1 

X 



Design ' 
Review 

Prepackaged solar system 
is compatible with site 
auxiliary heating and DHW 
systems 

Mechanical and 
Electrical Functioning 
of Dwelling and Site 

8.2 

X 



Design 

Review 

Prepackaged solar system 
is compatible with site 
and will be installed in 
accordance with local codes. 

Mechanical and 
Electrical Functioning 
of Connections 

8.3 

X 



Design 

Review 

Interconnections between 
site and prepackaged solar 
system meet requirements 

Structural Integrity 

9.1 

X 



Analysis 
and Design 
Revi ew 


Structural Integrity 
of Dwelling 

9.2 

X 



Design 

Review 
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r!EETS I PC 


I PC REQUIREMENT 


Structural Connections 9.3 


Safety of Dwellings 10,1 

and Site 


Durability 11.1 


Durability and 11.2 

Reliability of Dwelling 
and Site 


Durability and 11.3 

Reliability or 

Connections 


Maintainability of H, 12.1 
HC, fflN Systems 


Maintainability of’ 12.2 

Dwelling and Site 


Connections ' i 12.3 


Visual Characteristics I 13.1 


YES NO 



EVALUATION 
METHOD ' 


X 

X 

X 

X 

X 

X 

X 

X 

X 



Analysis 


Design 

Review 


Design 

Review 


Design 

Review 


Design 

Review 


Design 

Review 


Design 
Revi ew 


Design 

Review 


Design 

Review 


COMMENTS 


Cooling N/A 
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INTERIM PERFORMANCE CRITERIA DEVIATION REPORT 


1. Report Number 

2. Date 

3. Prepared By 

4. Organization 

5. Item Name 


6/9/78 

p. ,L. Linton 


Flat Plate Collector 


fe. Item Part NumBer ]7. Item S/N 
jlO. IPC Number 


8. Item Mfg. By 

Solaron 


9. 1 PC Deviation 


{ 12 . Approved By (IBM) 


13. Approved By (MSFC) 


jl4. Date Approved (IVlSf^d) 


[11. 1 PC Paragraph 
5.1.1 

5.2.1 

15. Description of Deviation 

No data was supplied by vendor to show the effects of prolonged exposure to sunlight and elevated no 
flow temperatures. 


16. Probable Causa 


117. Remarks 


Deviation Disposition 






PROTOTYPE SYSTEM 4 
HAZARDS ANALYSIS 


May 1977 

Revised January 23, 1978 
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PROTOTYPE SYSTEM NO. 4 
HAZARDS ANALYSIS 


A hazards analysis v.'as performed to define potential hazards or undesired 
events relative to the System flo. 4 design, to identify the safety requirement, 
to eliminate the hazard, and to indicate the means of compliance 'with each 
safety requirement. A summary of the hazards analysis results are given in 
Table 1. 

All potential hazards identified are minor level hazards and no major 
hazard levels have been found. Mo residual hazards have been identified, 
and no failure modes have been identified which would contribute i:o the 
occurrence of a hazard. As shown in Table 1, the use of standaVd off-the- 
shelf hardware minimizes potential hazards. 
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liAZAkD DATA SUMMARY 
TABLE 1 



■ -t r r ~ *“ 



Areas oT Consideration 

Sa f ety Requ i rGi''.on t 

Ilazard/Undesired Event 

Means of Compliance 

Mechatiical Protection 

e Mechanical Hazards 
not signi ficaiitly 
greater than convcn- 

» Injury due to pinch or 
sliai'p edges. 

«*A11 operator and service area 
edges rounded. 

1 

! , 

tional residence. 

t Short circuits ’due to 
v/ire abrasion. 

0 Design does not present unusual 
or unique mechanical hazards. 

i 

*1 

i* 

r 

i 

s 


'i Mechanical danv-ige due 
to faulty installation. 

« Meclianical damage due' . 
to migration of com- 
ponents during opera- 
tion 

8 Approved tie down, strain relief 
and feed through hardware and 
installation. 

9 Drawings provided with sufficient 
design detail and notes to high- 
light proper installation. 

3 

1 

i 

1 

i 

'j 


s Rotating Equipment 

0 Belt guard on blower belts 

9 Heat exchanger to preheat tank 
is thermpsyphon loop 

!l 


0 Humidity and Fungus 

.©All equipment mounted within the 
residence or weather proof en- 
closure. 
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HAZARD DATA SUMMARY 
TABLE 1 Cont'd 


Areas of Cotisideration 

Safety Requiroment 

Hazard/Undesired Event 

Primary Voltages 

« Section 516 arid 616 
MPS (4900.1 and 

* Personnel Shock 


4910.1). 

t Part E of ANSI All 9.1 

Hazard exposure not 
significantly greater 
than conventional 
residence. 

» Equipment damage due to 
short circuit or over- 
load. 



• Stored Energy 

Secondary Voltages 


9 Short between primary 
and secondary circuits 

Electromagnetic 

9 Maintain circuit 

e Interference between 

Interference 

separation 

power, data and control 
functions 




Means of Compliance 

t Use conventional equipment and 
installation. 

e All external metal parts, sur- 
faces and shields to be at 

electrical ground.' 

) 

• UL approved 60A main circuit 
breaker 

• UL approved 15A individual circuit 
breakers 

•115V wiring run in conduct 

• All wire UL approved 

• Primary voltage in 'service areas 
are protected by shields or shrink 
sleeve insulation. 

• Stored energy minimal 

• Low voltage control circuit 

• Transformer isolation and physi- 
cal separation between primary and 
secondary circuits. 

• Sensor and control wires separated 
Sensor inputs are protected by 
ground wires for each channel. 






SOT- 



» Proper clearance and 
venting of elevated 
temperature surface 

9 Emergency egress and 
access not be less 
than conventional 
system 

9 Identified and 
accessible main shut- 
off yalves and 
switches 


DATA SUMMARY 
E 1 Cont'd 


Hazard/Undesired Event Means of Compliance 

» riarnniability of materials -t Used conventional components 

of proven safety 


1 Air flow loss due to 
fan failure or blockage 


• UL recognized components 

• Duct and pipe insulation good to 
250°F 


9 Occupant entrapment 


■ Storage and collector Insulation 

■ good to 300°F-. Classification UL' 
723'. , 

§ Over temperature protect to cut 
' out furnace. 


9 Difficulty in terminating * Conventional design criteria met 
system operation or egress and access. Convenient 

isolating failure accessible equipment room 

t Main shutoff valves and switches 
are clearly labeled and easily 
accessible within equipment room 






HAZARD DATA SUMMARY 
TABLE 1 Confc'd 


- 



1 

Areas of Consideration 

Safety RGCjuircinent 

Hazard/Uhdesired Event 

Means of Compliance 

Domestic Hot Uater 
Control 

t Where applicable 
Section 515 and 615 
MPS (4900.1 «nd 4910.1) 

.« Part C ANSI A119.1 

9 Hazards not signifi- 
•cantly- greater than 
conventional residen- 
tial installation 

• Fall Safe control 

9 Personnel exposure to 
high temperatures 

f Personnel exposure to 
high pressures 

9 Equipment' damage 

9 Contamination of potable 
water 

9 Primary 115 Volt Shock 

* Shorts from primary 115V 
to 24V control circuits 

f Control failures 

• Used commercially available 
DHW tanks, pump^ and heat 
exchanger of proven design 

t Automatic 21 0°F .temperature 
and 150 PSI presisure relief valve 

• Fail Safe DHW temperature control 

'* i 

9 Insulated heat exchanger and 
connecting pipes 

• Non-potable fluid not used 

9 Safety shield used over primary 
terminal and shrink sleeving 
used on 115V wire terminals 
within service areas 

« Primary and control voltages 
transformer isolated with 
wiring physically separated 

a Autonomous temperature limits 
and interlocks within control 
circuits 
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HAZARD DATA SUMMARY 
TABLE 1 Cont’d 


Areas of Consideration 

Safety Requirement 

Hazard/Undesired Event 

Means of Compliance . 

Ai r Uandl or Fans 

» Section DIG and 616 
MRS (4900.1 and 
4910.1) 

Primary 115 Volt Shock 

t Primary 115 Volt circuit 
terminations enclosed 


9 Part C AfiSI' AI !9,1 

* 

9 Over temperature protected motor 


UL acceptance 

ft Toxic or I'lainmable 
materials 

9 UL approved components 



' 

9 Use commercial components of 
proven design 




* Independent review of material 
hazards 




• Fan totally enclosed • 

Auxil iary Heat 


e Rotating Equipment 
• entanglement 

9 Use conventional equipment 
of proven design and instal- 
,,1at1on 

9 Primary power terminations 
enclosed, v 



^ • 

9 Electrical Shock 

• Over temperature protected 
heat strips 



9 Fire hazard if air flow 
interrupted 

• Heater installed in insulated 
duct 



• Excessive surface 
temperatures 







Item c. (Acceptance Data Package) 

Warranty & Test ‘Agency Certification 


Limited warranties as received from suppliers. 


B1 owers 

1 year 

Control Dampers 

1 year 

Preheat tank 

5 years 

Roof ventilator 

1 year 


Underwriters Laboratories (UL) is reviewing the system and will submit 
a final report. All components and materials were selected to use only 
those items with UL approval when possible. UL listing or approval of 
this system is therefore expected without difficulty. 
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MUST CONFORM TO ENG SPEC 890350 


C0P& /DSNT Z02.3^ 



TOLERANCES UNLESS 

INCH 

1 m m 

OTHERWISE NOTED 


linear ± 


ANGLES ± 


RADII UNLESS OTHERWISE NOTED 


OUTSIDE MAX 


INSIDE MAX 


edge/corner 

BREAKS 



NAME I fA/suLP)r/0Aj , a^ss 


VL 


-DESIGNER 


DETAILER 


DWG CHK 


DSGN APPRO 


CLASSIFICATION 





















































RELEASED FOR ASM QTY 


TECHNICAL APPROVAL 


ELEC 


METAL 


PLASTIC 


DATE 


C- S--7g 


CHANGE NO 


CHANGE NO 


793V9’97 


DEVELOPMENTNO Q/M, 


2.00-.^'^ 


Nores ; 


h PLAif/C , 

ISOtYANURATE, 2 LBS/FT^ PEN^fTY. 
C^TPYPiEP CPP?S-9S~^ oFJ0Hf9 COFP 
OF Faui'^0 



„ 9,00 


77. 7b -.tz 


IBM MATERIAL 


IBM MAIL ALTERNATE NO 


CASE DEPTH 


HARDNESS 


i^BI 


E3 


YHinO ANGLE PnOJCCTfON 




«20 7V«9 s MRDS MCCHAMieAL rORKAT 


MUST CONFORM TO ENG SPEC 890350 


ove. mFNTZCZAi 


TOLERANCES UNLESS 
OTHERWISE NOTED 


LINEAR ± 


ANGLES ± 


radii unless OTHERWISE NOTED 


EDGE/CORNER I OUTSIDE MAX 
BREAKS 


INSIDE MAX 


I hlSULATfON , VLOCK ' 


DESIGNER 


DETAILER 


DWG CHK 


DSGN APPRO 


CLASSIFICATION 






ii»i 


If-lF-ll 


//V^-77 


\~li-7S 


l-U-7 






















































RELEASEDTOR'ASM 1 QTY 


TECHNICAL APPROVAL 


7f3^.9Vc> - 
















































nELEAStD FOn ASM gTY I 


•iU I i-f’ ?g I £d 3 Vzrr\ , 


7 f 3 Vf 7 V 


^or£S: 

/ mTB/im •■ 

2.a XV.0-./2 SKft Tve/fieCd/ot^iCieie) 
./i 5/5 (,«4) S7ET4 SHBeTCaem) 

.is THICK misarn./>rs ccio/o) 

2. wftDs ex' Topommi to be 

eRouNP FiusH, , 


s. tack \tJiLD FPVM Bottom side. _ , 

sneer sreei may be pieced at chocs ixemaeKs 


M miroE AHD Pfi/ur CeioF ecAcK > 
CPosT //vf/eir/vepA/nr) 













































[f! 


h 

s I 


y 



feO.OQ 








lU 

IH— K 


MOTE J 


.7^3497^ . 


zz 




1 TECHNICAl. APPROVAL 


9YM 

OATC 

cmanceno 


8YM 

DATS 

CKANOENO 




4i.ce 

1 

-2- 

— 

i'S*- 7$ 

^4 3^2 xr 







15S4940 

3 

MCTAI. 

■ 







1 


OCVeLOPMENTNO 

o/m 



PLA8T1C 









‘ 

7334<37& 

— 




1 


I 









- [>— ^NOTE S, 3 PLAiE.3 





<TYP’ 



NOTe:i'. 

I. material - steel AN&LE/ (aolo) 

a MATERIAL STEEL SHEET, 13 THICK ftloto) 

3. MAT^RrAt- WetOED &EAmvjc» 

CENTERS. CROSS BARS 

4' OM CfiNTERS 

4» MATERIAL \VOVEM STEEL WJRE CLOTH , GALVAVJllED, 

yz" OM CEHTERS^ BOTH DJftEOTlOWS . 040 APPROX 
WIRE DfA. 

5. WeiP APPR<3X EVERY 4 32i BEARINO BAR TOAWOLt 

{y. SECURE WOVEM STEEL WiRE CLOTH TO 
GRATIW6 WITH BAIUHO W<RE 

1 CL6AW/ PRIME AND PANT UNPAINTED SURFACES 
WITH RUST ll^HJBITIVE BLACK PAIWT 


lOM MATCAIAL NO 


lOMMATL ALTCnNATC I NO 


SVflPACE 

TRfiATMENr 


294 908 


•CAte 1 1/ 8 


E3 


rHIRO ANCLCPftOJBCTJON 


MUSTeONPORMTOCMO^PCCl 0»0)»0 

.IBM 

CODE IDEHT ^0^34• 

N.«5 IGRATINCj, rock 

TCLCRAHCE9 UNUC8< 
OlHeRWlSCNOTeO 

INCH 


SUPPORT 

lISCAftt 

XK« 4 ZS 


0£Sl6NCn * L 


ANOL C01 

OrTAIUER 

RLS 

IE’7-77 

RADII UNLC8t OTHfiRWISENOTCC 



OWS CHK 

^"SSU 

i ~I3~7& 

CDOE/CQRNCn 

8RCAKS 

OUT£lOC UAX 



DSON APPRO 


hlS‘ TP 

INCIOC MAX 



CLAftSIPICATIOlY 




4 - 


.KiH' 



4.75. R£F 


J. 


V ■■ - 


RCUEASED FOR ASM 


TECHNICAL APPROVAL 

HP 


OATE 

CHANGE NO 



DATE 

CHANCE NO 

W . Ll 


7934340 

D 

ELEC 





tf-s-'7e 

i&iszjT 

- 






METAL 

- — 









• ' 





PLASTIC 










■ 


• 















773^977 

OeVEUOPMENT NO 'o/H 


5 


, 1.6.2 RSF, 



SECTIOM A-A 

SCAU : WoNe. 



notes: . 1'. 

• I. MATERIAL •- CHAKlWELj FIBERGLASS 

REINFORCED POLYESTER, NEMA GPO-2. 

, GLASTIC 1788-IC OR EQUIV. 

2. MATERIAL-. ADHESIVE, HYSOL EAB34 

OR EOUIV. APPLY UNipORM LAYER 
.01 -OG THICK. • ’ . ■ 

3. MATERIAL-- FIBERGLASS REINFORCEp 
.POLYESTER LAMINATE, .OfoO THICK, ' 

■ MEMA GPO-2. GLASTilC OR EQUIV. 

■ , 4V MATERIAL -.FOAM Pt!XsyiC,lSOCYANURATE, 
-,-Z LB5/FT3 DENSITY. UPJOHN TRYMER 
CPRB545 OR EQUIV. ' 

5. FACE SHEET DIMENSIo'nS FOR CHANNEL 
. RADII clearance 

G. SAND LIGHTLY ALL SURFACES OF 

POLYESTER GLASS SHEET AND CHAfJWEL 
TO. BE BONDED ’ \ 

7 . CuT'FOPmTO F/r CHfiN/JEL^ WITH 

.oi. CLeFRftNee FOR.BQNV 
I 


I 


t 





leM MATERIAl. j NO 

O ) 2 

MUST CONFORM TO ENG SPEC BSOSSO 

IBM 


CODE IDENT 20Z34 

IBM MATL ALTERNATE NO 

SCALE 1 l/IZ 

TOLERANCES UNLESS 
OTHERWISE NOTED 

INCH 

m’m 

NAME 1 RAWEL i TOP ■ 

, 1 ■ - 


■4 


LINEAR ± 

.X,X.= .I2. 


DESIGNER 

'FPd . 

•>Z~h7? 

CASE DEPTH 


% 

J' . ^ 1 

ANGLES t 

DETAIL ER 

RLS 

12-2-77 

HARDNESS 

- 

THIRD ANCLE PROJECTION 

RADII UNLESS OTHERWISE NOTED 



OW6CHK 


l-w-^a 

.,7334977 c 

SURFACE 

TREATMENT 


■ 



OllfSlOE MAX 



DSGN APPRO 


l-/£~ 7*- 


BoohI^I 

INSIDE MAX / 


• 

CLASSIFICATION 

























4.75 RgF 


RRLCASCD FOR ASM 


,73349401 


DATE 

, CHANGE NO 

S~T-79 

asG'zrr 


DATE I CHANGE NO 


7f3^976 


DEVELOPMENT NO 0/M 


-.19 R REF 


•J9 REP 


NOTE I 


> ^ MOTE' 4 

A .25x4'5'’ TYP 


-MOTE Z 


/ / mote 2 

/ ^NOTEZ 
-MOTE ■a 


secTtoKi A-A 

SCALE : FULL. 

I IBM MATERIAL I NO 


IQM MATU ALTERNATE NO 


CASE DEPTH 
HARDNESS 


^ ±0.^3^ 

y&rg^ I ^ . 


8.12 

MOTE 5 
18.62 . 



NOTES 


■ 




■(OPEW^ 
^ ^ 


B 

/ 

17.25 REF 


\soo 

18.00 1 
40.75 



MITER (9x) 


:7 334 978 Lc. 


7 ; f MUST CONFORM TO ENG SPEC B903S0 

I . ■ J . I, COPE IDEMT 20234 

O 25 4 50 8 ■ ■ — M . ■ ■ 

I , - TOLERANCES UNLESS , 

SCALE I J/12. OTHERWtSfe NOTgD 

{fh rrni ^-»near± -~n 

t_l!3 ANGLES ± ' . 

THIRD ANOLE PROJECTION RADI] LINLEDC OTHERWISE NOTED T" 


OUTSIDE MAX 


notes: 

material: chammel, fiberglass 

REIMFORC6D POLYESTER/ MEMA 
GPO-2 . CLASTIC HSS-IC OR EQUIV. 

2. MATERIAL ; ADHESIVE/ HY50L EA934/ 
• OR EQUIV'. APPLY UMIFORM LAVER 
•Ol-.Ofc THICK 

а. material; fiserglass reimforced 

POLYESTER LAMIUATE, .060 THICK/ 
MEMA 6PO-2. &LASTIC OR EQUM. 

4. material: FOAM PLASTIC/ 

ISOCYAMURaTE/ 2 Les/FT3 DEWSITY. 
UPJOHW TRYMER CPR954S OR EQUIV. 

5 FACE SHEET DIMENSIOWS FOR CHAMWEL 
RADII CL6ARAMCE' 

б. SAND LI&HTLY ALU SURFACES OF 
POLYESTER GLASS SHEET AND 
CHAMMEL TO 6E BONDED . 

7. CUT pmH\ To fit Cm/JNGLS WT» .01. CL£/>a>tlTT 

. IlZiri Fo^ FtMV 



INCH 

;xx=.iz 


View B". 


IBM 

PAKIEL/TOP 


DESIGNER 
DETAILER 
DWG CHK 


OSGN APPRO 


C LAS9I PIC AT ION 


KLS \^ 7 .- l7 






























RELEASED FOR ASM j QTY | TECHN ICAL APPROVAL 

ELEC 


META'L 


PLASTIC 


7034340 


DATE 

CHANGE NO 

C-5--7S 

i&ssrz. V~7~ 


SYM DATE CHANGE NO 





793^9B( 


DEVELOPMENT NO Q/M 


‘5/44 DRILL THRU/CSK ®)0° TO .Z34 DIA(4X) 

DRILL THRU .(8X) 

\ r-I.Ofe 


MOTES’. 

I . material ALUMINUM ALLOY 

t I I— ^ “T“ A\. ^ \ j 


,33 l.l^ t.|3 


IBM MATERIAL NO hlOTE i 


IBM MATL ALTERNATE | NO 




MUST CONFORM TO ENG SPEC 890350 


CODE /DENT ^0254 


j 

TOLERANCES UNLESS 
OTHERWISE NOTED 

INCH 

m m 


LINEAR ± ,XX= i .03 


ANGLES* 


RADII UNLESS OTHERWISE NOTED 


OUTSIDE MAX 


INSIDE MAX 


NAME 1 PLATE, fastener. 


DWG CHK 


DSGN APPRO 


CLASSIFICATION 


12 - 14-77 


12-lfo-77 


1-I3-7S 




























































7034 940 


qTY TECHN ICAL APPROVAL 


ELEC 


METAL 


I PLASTIC I I 



, DATE 

CHANGE NO 

C-^-78 

6,C^S-Z. Tl- 


SYM DATE CHANGE NO 



, 7757 7^2 


'DEVELOPMENT NO Q/M 


3^31 DRILL THRUCBX') 



27.31 


(^3>.O0 , 

13.90 ■ • 13.90 13.90 , 13.90 


-732 DRILL THRUl^SX) 


. , ,, , 

\ . MATERIAL : ' I 72 / I /Z X 73 STEE.L 
AN16LE 

2 SURF.TRBfiTi FRINVE. /^ND Pf)/Nr,C.OLO{^ 
BuqCK ^RUS,riNHIBlTNe PPlhJT) 


IBM MATERIAL 



E BM 


mrE 2 


79^y?8Z 


TKinO ANCLE PROJECTION 


MUST CONFORM TO ENG SPEC- 890350 


CODE IDENT 2023 


TOLERANCES UNLESS 
OTHERWISE NOTED 


LINEAR ± 


ANGLES ± 


RADII UNLESS OTHERWISE NOTED 


OUTSIDE MAX 


INSIDE MAX 



INCH 


.XK = ±.03 


EDGE/CORNER 

BREAKS 


DESIGNER 


DETAILER 


DWG CHK 


DSGN APPRO 


CLASSIFICATION 


12--IC-77 


12-IC-77 






ttto 7746 9 MKOA 710920107 


MCCHANICAt. rORMAT 


AaiRCCUOVH A«ior 


oonvil 
































































•to 77ee 


MHOtf 7B0827AO7 


MICHANICAL PflUMAT 


4STAe«k«fM N«IOr 


octvKE rnM 
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RELEASED FOR ASM QTY 


TECHNICAL APPROVAL 

















































